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[March 14th, 1866.] 

On SouE of tJie Materials Used for Constetiction in 
Madeas Pkesidesct. By T. H. Going, F.L.M. 

TIMBER. 

One of the most vexed questions of railway making in India 
lias been the supply of timher for sleepers. 

It is exceedingly difiicult to procure woods of good quality 
wliich can be cut up into scantlings of the dimensions required 
(10 ft.xlO"x5")- More than forty different varieties of 
wood have been sanctioned by the Madras government ns 
suitable for railway sleepera, and in some respects many of 
these are excellent, being for the most part hard and close- 
grained ; some of them to such a degree as to resist the atlacfea 
of the white ant. 

Unfortunately, however, they abound in knots, shakes and 
crookedness, and their very hardness, though in one respect 
a desirable quality, renders them most difficult to work into 
shape. 

Another great cause of the failure of Indian jungle sleepers 
has been the injudicious method of felling the timber, totally 
irrespective of the season when the leapt sap is in circulation. 
This is principally due to the fact that the railway companies 
did not, in the early stages of their operations, take care to lay 
up a stock of well-selected timber; so that in practice it has 
become necessary to use such sleepers as first came to hand. 

It is true that none of the objections enumerated against 
jungle woods can be urged against the use of teak, in which 
there is a large trade on the Malabar coast. The chief value 
of this timber consists in its freedom from knots and shakes, 
the readiness with which it is worked up by the carpenter, 
and its exemption from dry rot. This latter quality is owing 
ito the judicious method adopted by the teak merchants in 
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felling the trees. In the montli of October they are aawn 
across the roots as they stand, and allowed to remain some 
time to absorb all the sap. 

After being felled, they lie on the ground till thoroughly 
seasoned. It ia a slow-growing tree, and requires to reach 
the age of 80 or 100 years before attaining the size of six or 
eight feet in girth. The cost of teak, however, precludes it 
from use in sleepers, being about four shillings per cubic foot 
in the log at Madras. This would make the cost of a teak 
sleeper about thirteen shillings. 

Creaaoted pine sleepers had been sent out from England at 
the coat of about 8a. 6d. each. Pine in the unprepared state 
is exceedingly perishable in India; creasoted, it has been 
found to rcaiat the effects of the climate very well. The 
author had occasion to remove aome sleepers of this material 
for the purpose of slewing the line over a bridge for repairs 
in the course of last year, and found them as sound aa when 
first laid down — nearly five years previously. These were of 
rectangular aection. There were aome of triangular section 
taken out at the same time, which were found, for the most 
part, decayed. These latter were the first which had been 
sent to the country, and, it ia probable, were not perfectly 
impregnated The creasote appeared to bavo quite evapo- 
rated, whereas in those of rectangular aection, it was still 
strong. 

Experiment was made of an Australian wood named jarra, 
which is very dense, weighing 64 lb. to the cubic foot. This, 
as regards endurance, proved aatiafectory, but its high cost 
and liability to shakes, rendered it unsuitable. 

The Madraa Railway Company are at present making ex- 
periment of the Boucherie proceaa of impregnating timber. 
Thia consists in applying a moderate pressure to one end only 
of the sap tubes of the tree, the effect of which ia to expel 
the S!ip by the preaerving liquid, which takes its place. It ia 
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founded on the feet that no connexion exists between the enp 
tubes laterally. The injection is the more rapid in proporlion, 
OB the tree contains more sap, and is the more recently felled; 
and some kinds of timber are altogether impeuetruble to the 
solution. The solution used is sulphate of copper and 
water, mixed in the proportion of 1 to 100 by weight. The 
specific gravity of water at 60°, being 1000. if 1 [wr cent, 
sulphate of copper be added, the specific gravity will be 1006. 
Hence the hydrometer ia used to maintmn the solution in the 
proper proportion. PruBsiate of potash is applied as a test to 
determine when the tree has been saturated. 

As thb experiment has only been recently initiated, its 
value cannot be at present reported on. 

Since the substitution of caetrirou sleejiers on the Madras 
Railway, the question of timber has, indeed, lost much of its 
importance. Timber sleepers are now only used on about 
140 miles of the western portion of the south-west line, where 
the steady supply of a superior quality of timber can be 
depended on. Where the cast-iron (or pot) sleeper is laid, 
the only item of timber used in the permanent way is that 
for the keys, and teak is found to be the best wood for the 
purpose. It is also the cheapest, because the refuse timber of 
the locomotive workshops, which is for the most part of well- 
seasoned teak, is utilized by cutting into keys. 

Large quantities of pressed elm and oak keys and trenails 
from England have been used, but native woods are better 
and more economical. There are many jungle woods of 
intense hardness and toughness, which, though they cannot be 
procured sufficiently sound and shapely for sleepers, are yet 
capable of supplying keys and trenails, The^^e have been 
found to endure far longer than oak or elni. The author was 
himself witness to an instance where, in a siding at Arconum 
station, a passing engine burst out the nuls, and dropped 
through, On examining the trenails, they were found to be 
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shaved off flush with the surfiice of the sleepera, ] 

the fracture of charcoal. These were English preBsed t 

trends, and had not been driven longer than ten ruonthH. 

In the conBtruction of roofs, doors, windows, &c., and ] 
carriages and waggons, teak is the wood principally used. 

IRON. 

The serious objectiona to the use of timber sleepers on t 
Madras K^waj led to the introduction of the cast iron oaf 
The variety used is that known as Greaves' patent. Ea( 
sleeper weighs 841bs., and covers an area of 2'2 square fed 
Six pair of pots are laid to a 20 foot rail of 751ba. to the yard. 
The space between the two central pair of pots is 4 feet, and 
the spaces between the others diminish towards the ends of 
the rails. Each pair of pots is connected by a tie-bar of 
wrought-iron, secured by Cottars and Gibs. The rail ia of 
the double headed pattern, and is fiali-jointed. 

The S.W. line of the Madras Railway, which was originally 
all laid with wooden sleepers, is being gradually renewed by 
cast-iron ones, except that portion before alluded to, on the 
west coast. The N.W. line has been, from the commence- 
ment laid entirely with pots, and the advantage thus obtained 
will appear by comparing the cost of maintaining the two 
lines, ae shown by the last report, dated March Slst, 1865. 

Thus— 

S.W. line per mile per annum, £165 
N.W. line „ „ 73 

It appears tliat in Madras Presidency, the use of cast-iron 
sleepers is producrive of great economy in the maintenance of 
line, and according to the testimony of the locomotive super- 
intendent, this is further experienced in the diminished wear 
and tear of rolling stock. It does not, however, follow from 
this, that pot-sleepers are universally applicable, even in 
India. The abundance of good sand ballast procurable along 
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the Madras Railway is the chief reasoo of the euuccas there of 
thb kind of permanent way. In Bengal such material is not 
available, and haked ballafit has to be a ubsti tilted. A free, 
open ballast is absolutely receasary to the succeaa of pot- 
sleeperg, unless, indeed, it be in a climate such aa that of 
Chili or Egypt, wliere rain is the exception, aa under theae 
ciroumatanceB there is no danger of the ballast caking. 

In Bengal objections have been raised agiunat this kind of 
sleeper, on the score of its liability to fracture. This is entirely 
due to the nature of the ballast, The author has known a 
few instancea of fj-actured pot-sleepera having been removed 
from the permanent way of the Madras Railway, but in each 
case this was due either to the pot having rested on a large 
Btone among the ballast, or else to the bottom of a cutting 
not having been fully taken out. On that portion of the line 
originally laid with pot-sleepers in 1860, there has been prac- 
tically no renewal of sleepers required, and to all present 
appearance they bid fair to outlast the rail There is one 
precaution, however, which has been found neceaaary on 
the Madnu) Kailway, and that ia, to avoid laying pot-sleepers 
over the crowns of arches, because, owing to the small bearing 
surJaoe compared to the ordinary wooden sleeper, the pressure 
IS concentrated, and unless there be an unusually large space 
allowed for the ballast between the arch and the base of the 
permanent way, the arch is liable to be shaken. 

Iron is largely used in the Jladraa Railway, in the super- 
structure of bridges. The form of girder used is the double 
&aige plate beam, and it is applied to spans from 10 feet to 
70 feet. 

The larger bridges are usually divided by piers into openings 
of 70 feet, 5 from centre to centre of pier, and the girders 
are made continuous over every three piers, being fastened to 
the middle one, and movable on rollers at the two emls. Each 
IJO ft. length thus spanning two openings, is composed 
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of tliree pieces for ooovenience of transport, and these three 
pieces are riveted together at the bridge site, previous to 
rolling the girder into ita position. The centre piece is 36 
feet long, and ita centre rests on the middle pier. The other 
two pieces are each 52 feet long. The riveted joints are by 
this arrangement placed at the point of contrary flexure cal- 
culated for the mean condition of the load. 

The method of rolling a pair of girders to their place oa 
the pier is thus : — After being braced together, they are lifted 
by Bcrew-jacka and allowed to rest on rollera fixed on the 
abutments. Rollers are also fixed on each of the piers, and 
rails on the flat are attached to the under aides of the girders. 
Motion is given by means of a crab winch plaeed on i 
girders, and strongly fastened to them, while the tackle ] 
attached to a forward pier. 

A gang of twenty moplahs, from Slalabar, was employ^ 
in rolling some of the large girders on the north-west line-S 
the early part of the past year, and wore able to move a J 
of girders forward in the manner described, about 300 feet 9 
a day. 

Mitchell's wrought-iron screw piles are used to a conmd4 
able extent for bridge piers in crossing the rivers of 
N.W. line, which, for the most part, have deep sand 1 
They are the means of saving much trouble and cost in fom 
dations. 

STONE. 

Amongst Madras building materials may be classed lateri 
which is found of various ages in most parts of Southea 
India; some quite recent, indeed, at present in process of fj 
mation from peroxydation of magnetic iron ; most likely a 
in sub-marine localities, as many of the rivers carry doW 
immense quantities of magnetic iron sand. 

The enormous quantity of hornblende minerals ia a vei 
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peculiar feature in South India. The author has ot)scrve<l, 
on the Neilgherry llllld, instances where, from the wcukeuicg 
of hornblende rock, a laterite was being fomied in situ as a. 
coating over the undecouiposed portion of the rock, while tlie 
lime of the hornblende was carried away in a soluble stdt. 
and afterwards deposited as an incrustation. The great 
abundance of concretionary limestone (or kunkur) in this part 
of the world la probably due to the weathering of these 
hornblende rocks. 

Beds of laterite, several hundred feet thick, occur largely 
on the western side of the Peninsula, and ai-e very exten- 
sively quarried for house and bridge building, and for road 
ballast. It ia not, however, by any means a good building 
etone, being very porous, and rapidly destroyed by exposure 
to the weather- 

The most general stone, and that principally used for build- 
ing purposes in Madras Presidency, is gneiss. It dresses 
■well, and ia easily quarried. The ordinary method of doing 
this is by burning logs of wood on the surface. The upper 
bed thus buckles from expansion, and becomes detached from 
that beneath ; wedges are then driven in, and the bed of stone 
is broken into convenient pieces by thi-owing trap boulders 
forcibly down on it. When, however, stones of great size 
ore required, they are quarried by drilling square holes in line 
at short intervals, and inserting wedges, which are struck 
reiterated blows by a hammer. 

The walls of Mosques, Pagodas, &c., are built of long, thiu 
stones, closely jointed together, and without cement, many of 
the stones being cut to fit most accurately the natural inequa- 
lities of the contiguous ones. The old fort-walls, and those 
enclosing temples and such places, arc generally built with a 
double batter, each face being composed of thin stones of very 
great length, forming a mere shell to the body of the wall, 
which consists of loose fragments of briek and stone, with 
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occasioDal bonds. Theec face stones are eometimea as Iqj 
as forty feet, while perhaps not more than three feet de 
one and a half ft. thick. 

The larger proportion of the bridges, &c., of the J 
Kailvtray are constructed of stone, guetsa being the vari 
most commonly met with on the south-western line, 
north-west line passes tlirough a country, the prevEuHng i 
ture of which is a succession of quartzite hills, cut up ' 
trap dykes, while in the intervening valleys are found a 
nating, clay slates, shales, and impure limestones, 
latter, especially the blue variety common in the Cuddi 
district, afi'ord excellent building material. 

The style of masonry adopted la coursed rubble, with cuF~ 
quoins. The larger bridges are generally constructed with 
segmental arches of thirty feet span, springing from piers not 
calculated to resist the horizontal thrust. As the engineer 
has to make his own centring, and this, for a bridge of many 
spans, would add considerably to the cost, were sufficient 
centres made to build all the arches simultaneously, it is 
usual to commence such a bridge with not more tlian two or 
three sets of centrings ; then, when the first arch is finished, 
to move its centres forward, and so on till all are completed. 
The centres are generally eased immediately after keying the 
arch, and as mortar sets rapidly in this climate, they should 
be struck ivithin three days. 

In the bridge across the Naggery Kiver, of 13 forty- 
feet spans, some of the piers are sunk on a curb foundation. 
The process was described in a paper previously read before 
tliis Institution. ^m 



BRICKS. ^M 

The use of bricks in constructing bridges and station- 
houses on the Madras Riulway has been avoided as much as 
possible. In some instances, however, the distance of a good 
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quarry readers it desirable, for economical reasons, to employ 
bricks, where suitable earth is procurable, and firewood to 
burn them not too far off. Contractors are always to be 
found ready to supply them ; but contract bricks are seldom 
to be had of good quality, being underburned. On the rail- 
way, therefore, the engineers manufacture their own bricJu. 
The mode of working is thus : — The surface of the selected 
ground is hoed off, and the clay beneath dug up to a depth of 
some inches. This is then saturated with waler, and allowed 
to soak for about twelve hours, after whicli it ia trampled by 
men. Having been thus treated for an hour or two during 
four or five successive days, it is fit for moulding. 

This is sometimes done on a smooth level piece of ground, 
but usually on a table which baa a stock screwed to it, on 
which the mould is placed, having been previously dipped in 
water. The moulder takes up a lump of clay, and throws it 
fonably into the mould, pressing it well down. A piece of 
lath is then passed over the top, and cuts off the su])crfli]oua 
clay. A little aand ts then shaken on, and the brick turned 
out on a pallet. In this form an attendant takes them off in 
a barrow, and places them on the prepared floor of the drying 
shed. When dry enough to bear handling, they are conveyed 
to other di7ing sheds, and built up into open clamps to allow 
the wind to have fi-ee access through them. 

It requires six or seven days to make them dry enough for 
burning. This is done in clamps, not kilns. One foot of 
firewood is used between every four courses of bricks. The 
bricks are packed loosely. When the clamp has been built 
it ia plastered all over with clay, leaving only a vent on top, 
which is, however, stopped when the fire has been kindled. 
A damp of bricks thus burned, containing 100,000, will 
afford about 60,000 useful bricks. The size of the brick used 
OD the railway is 9" x 4i" X 3", and weighs about 7^ lbs. 
If good fresh cut timber be used in the burning, each brick 
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■will use about IJ lbs. of fuel. Timber is sold in India at so 
much per cart-load of 1,000 Iba., and the wood of ihe tamarind 
tree is the beet for burning. The cost of bricks is, of 
course, very much dependent on the price of firewood, and 
this on the distance it has to be carted. The author made 
about eix million bricks in one of his brickfields, and tlie cost, 
when distributed over those actually used in bridges and 
stations, amounted to something less than 10 Kupees, or £1 per 
1,000. The firewood in this instance was carted sis miles, 
and cost 5a. per 1,000 lbs. Had a larger quantity been mac 
the cost would have been considerably reduced, as the b 
sheds and plant would have aulliced. 

TILES. 

Tiles are very lai'gely used in India for roofing, not, horn 
ever, in the ordinary way, as practised in England. XjJ 
&vourite roof in Madras is that called the terraced one, a 
is admirably adapted for the purpose designed — viz., coolnej 
It is thus constructed: — The joiata are plaeed at distant 
apart of 1' 3" to 1' 6", centre to centre. Oa these s 
of small bricks (5" X 3" x 1") is placed diagonally on ed( 
and set in fine mortar; over this comes a coat of 3" of jelij 
or brick broken into fragments and mixed with mortar; thq 
a course of small tiles on the flat, and finally two coata ( 
plastering, finished off with one of exceedingly fine plaste 
the surface of which is polished, during the process of d 
by rubbing with soap-stone. The course of tiles is, howevel 
frequently dispensed with, A slope of ^" to the foot j 
given, from the centre to the outside edges, in laying on tij 
beams and joists, to allow water to run off quickly. A lo J 
parapet wall is built all round, with openings for the watfl 
apouts. 

It is of great importance in this work, and equally so in i) 
brickwork, that the bricks should be thoroughly soaked ] 
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water before laying, as the Inct'iau brick ia much more absor- 
bent than the English one, imbibing, when placed in water, 
about one-lifith of tta own weight, winch ia more than double 
what a good English brick should do. 

The principal rooms of all the Madras Railway Stations 
are roofed in the manner described, and when carefully con- 
structed it is perhaps the best roof for the climate. The 
principal objection to it is its liability to crack. Cracks are, 
however, pretty successfully repaired by caulking with tar 



LIME. 

Carbonate of time, in various forms, is met with in most 
pai'ts of Madras Preaidency. In the interior of the country 
it is most abundant in small nodules disseminated through the 
soil, sometimes sparsely, but frequently in large accumula- 
tions, whence it is excavated by digging pits, as for gravel. 
In this form it is generally hydraulic, though in a low degree. 
The kiln must in use is of an oblong form on plan, and is 
built of bricks set in clay ; an arch runs through it from end 
to end, at a height of about four feet from the gi-ound, and 
the top of the arch is covered with a grating of brick on edge. 
The fuel used is charcoal, and it is intimately mixed with the 
nodules of limestone, On the coast lime is made from the 
shells of fish. At Madras the shells used for the purpose are 
found some feet below the surface in low lands along the 
coast. These are the shells of species existing in the adjacent 
waters at the present time. The lime made fi-om them, being 
very pure, will bear three parts sand to one of lime in mixing 
for mortar; while two to one is found a good proportion with 
that made from the nodular limestone. 

It is usual in India, when making mortar, to mis with the 
water a certain proportion of jaghery, a coarse kind of sugar 
made from the juice of the Palmyra palm. This appears to 
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have some influence in making it eet bard, but I ( 
answer for its effect on the endurance of mortar. 

Masons in India are aecustomed to temper their mortar 
Tery thin, and there ia good reason for this, as the extreme 
drj-neaa of the material and the rapid evaporation would 
reduce it to powder if tempered to the degree of stiffneaa usual 
in England. 
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Description of Oil Axle-box and Outside CoirPLrNO 
Rod foT LocOMOTiVBB, with, the Eeaeings Formed in 
Single Rings. By A. M'Donnell, Member. 

The axle-box I have here for your inspection (Fig. 5, Plate 
VII.), is constructed for using oil on locomotive axle journals, 
being an adaptation of Mr. Blackburne'a patent oil holders. 
The oil chamber (a) ia placed above the axle, and haa a small 
tube (b) passing through the centre of it. Across the top of 
this tube a amall piece of wire is soldered, on which is hung 
a small syphon, which is made by fastening a strip of fine 
flannel about an eighth of an inch wide, and two or three 
inches long, to a atrip of tin of the same size. Thia syphon 
ia bent in the middle, ao that it may hang on the wire, the 
two ends then hanging down the tube. On the lower side of 
the hd of the box a piece of thick flannel (a) Is fastened so aa 
to press lightly on the top of the tube, and therefore on the 
top of the syphon where it hangs over the wire. When the 
engine begins to move, the oil is jerked up, so that the flannel 
(a) on the bottom of the lid is saturated with oil, and the 
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syphon draws it from the flannel. The oil drops from the 
ends of the syphon, and is conducted through oil hole9 placed 
on the sides of the bearings to two pieces of flannel (tT) which 
are placed in two receases in the aides, so that the oil is 
distributed over the joui'nal. I have found this nrrangenieut 
for using oil extremely economical. The oil ia only used 
while the engine is running; the quantity of oil used can 
be regulated by cutting the flannel, wliich forms the syphon, to 
a proper width. The driver is saved the constant trouble of 
oiling the axles, as the oil-chamber contains enough oil to 
run several hundred miles, and economy does not cause him 
trouble. 

The outside coupling-rod (Fig. 6, Plate VI.), the end of 
which is shown here, is extremely simple, and has been uBed 
lately a good deal on some English railways. The end of the 
rod is bored out, and a cast-iron ring is forced into it. The 
inside of this cast-iron ring is recessed and filled with while 
metal to form the bearing. When the bearing becomes slack, 
the ring is filled again with white metal. I have found them 
to work extremely well, while they are simpler and cheaper 
than the ordinary kind, 
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A New Method o/ Finding tht Angles between the Face 
Joints and Coubsino Spirals on Uie Si>ffit in a Skew 
Arch. By Edward Townpekd, M.A., Professor of Civi! 
Engineering, Queen's College, Galway. 

The methods which have been given in works on Engineering 
for finding these angles which are necessary for cutting the 
vouBsoirs in a skew arch, are rather long and cunibrous, and 
attended with much trouble and difficulty in their practical 
application. I was, therefore, led to search for an easy prac- 
tical method for working this problem, and arrived at the 
fiillowing solution, which is so simple in its appUcation as to 
lie within the scope of the most ordinary draughtsman. 

The solution of this problem ivill be easily understood by 
referring to the annexed diagram (Plate VI., Fig. 1), which is 
an isometrical sketch of part of an oblique arch — ahdc is part 
I of the face or elevation, and efdc a spiral bed intersecting 
the face in the joint cd. The problem, then, is to find the 
angle between cd and the tangent to the spiral ce at tlie point 
I need scarcely observe that the intersection cd is a curve, 
but the curvature is so small that in practice without error, it 
is regarded as a right line. 

In the plane of the face draw ck parallel to ao, the semi- 
major of the elevation, and from the point h, where it n\* 
I the semi-axis minor, draw Uk parallel to the axis of the cylin- 
I der txo. Through c draw ch perpendicular to kh, and ex 
f perpendicular to no. The production of this line will lie 
the spiral bed. 

Let I be the "focus," i.e., the point where the face j( 
meet ; through / draw In parallel to xo to meet hx in 
parallel to the element of the extradoaal spiral at d, and 
parallel to the element of the intradosal spiral at c j join 



or, it I 
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I point where Ip meets ex with n, produce dc to /, the angle 
I required ia now contiuned by the linea cl and hn. 

Take the unit sphere Fig. (2) round o as centre, through o 
I draw ao parallel to cp, bo parallel to Ip, ilo parallel to hn, and 
I eo parallel to cl. Now, its easily seen that cp is perpendicular 
I to the plane Ipn, and that the angle pnl is right. 

Calling doc the angle required ■J' 
cA . . X 

pin . . p 

mln . .3 

ckh (angle of obliquity) 6 
d . . I 

Wehavectd being a right angle spherical triangle 
eo» cd = eo» cb. cos Id 
or cos 4" = cos (^ — 0) cos he 

m-v co»h'c = '^= _^=_M_=l££i^ 
/ Icosf Icogf I cos p 



'S-di ■= ■ ■■ ■ cos (^ — 5) 
cosif, 



In practice (^ — 8) is a very small angle, being the difference 
between the angles which the estradosol and intradosal spirals 
make with the axis of the cylinder — its cosine is generally a 
decimal, with three nines after it. We may, therefore, make 

cos (0 - S) = 1 , and there resultB : — 



.^,= 



costp I 



Where K = - — - the locus of the point x' is an ellipse 

whose axis minor ia the same as that of the ellipse of elevation, 
and whose semi-axis major is thus easily found. Take any 
point o' draw o'a' (Fig. 4) equal ao semi-axis major of ellipse 
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of elevation ; make a'oV = 6 from a' drop a perpendicular 
a'l>' on ob'; make b'o's' = ip ; then o's' is the length reimire*!. 

" Result" — In Fig. 3 let acr be the delation, and str the 
ellipse, whose axea we have just found. Suppose now that 
the angle between the face joint and coursing Bplral is required 
at the point c, draw ck parallel to ao to meet the axis minor; 
join c with the " fbcua" I from the point t, wliere ck meets the 
second ellipse; inflect tv^cl, then ktv is the angle requured. 

Hence we see the great facility with which the angles cor- 
responding to the face joints may be constructed. Each angle, 
the ellipses being the same, requiring only three lines corres- 
ponding to those in Fig. 3. 



[Head December 12, 1866.] 

DBSCErpxiON of Captajn Coles' (R.N.), Tubrets, 
Fitted on Board H.M. Ship ■' Rotal Soveeeign." 
By J. Bailet, Member. 

It is not my intention this evening to offer any opinions t 
provoke discussion on that interesting and important questioi 
of "Turrets" versus "Broadside" or "Battery" ships, bui 
simply to lay before the members of this institution, as plain^fl 
as I can, the general arrangement and details adopted bj|M 
Captain Coles, R.N., in the construction of the "cupola 
or " turrets" on board H.M.S. " Royal Sovereign." 

The " Royal Sovereign" carries four turrets," mounting in\ 
all five 300 lb, Armstrong guns — two in the forward and oni 

1 of the after "turrets." We will take this eveningi 
the forward or twin-gun " turret," which is 22' 9" in diamet 
outside, and 18' 9" inside (Fig. 1 , Plate VII). First, we havi 
a mas^ve framework of wood constructed on the main deck, aaAf. 
supported by the deck beams and wrought iron columns. Thttj 
centre la formed of two large rectangular blocks of EnglisU 
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oak, making a square of C 3" x i' 6" dee]), with a round 
hole in the centre twenty-eix inches in diameter. Imme- 
diately under thia ia placed two balks of English oak 
18" X 15" X 30 feet in length, runaing fore and aft, and 
bolted down to the deck beams ; on thia, segments of English 
oak ore placed, cut to an inner radiiia of nine feet, and fonn- 
ing a ring of 9' 6" outside diameter, winch is firmly bolted to 
the fore and aft beams just mentioned; round the outside of 
this ring three bauds of American oak are bent, each H 
JncbeB deep x 4 inches in thicknead, and bolted to the seg- 
ment forming the inner ring by 1" bolts. Six arms or apokee 
radiating from the centre, each 18" X 12", like the centre 
and inner ring, are made of English oak ; on this aubstantial 
and massive framework is bolted a tuniGd cast-iron roller 
path. In the centre is a. hollow tube of wrought iron, 2' 2" 
outside diameter, three inches in thickness, and T'3" in 
Icugtli, forming the pivot on which the "turret" revolves, 
and acts as a safe communication with the magazine below. 
A lai^e casting, which forms the centre, round which a, live 
wrought iron ring lined with brass revolves, is placed round 
this pivot, and sits upon the wooden framework bolted 
through to a somewhat similar casting below, which is a\j\)- 
ported by a forked wrought iion column resting on the keel- 
son. We now come to the turn-table or platform on which 
the turret is built. It is a large disc of woodwork 24' 8" in 
diameter and 12" in thickness, built of oak slabs 14" X 6", 
bolted together, the top layer being placed at right angles to 
the bottom one. Near the outside the thicknesa ia increased 
4 inches by a circle of oak 3' i)" in width x 6'' in thickness 
let into the other portion 2 inches. On the underside of this 
platform is fixed the cast iron upper rolling path, fastened by 
1" bolts which pass through the frame to rings of wrought 
iron 9" X |" let into the top to which tliey are secured by 
nuts. In the centre of this table is fixed a large kind of 
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angle iron ring of cast iron, with tbe flange on the bottom 
side, and bolted through in the eame manner as the rolling 
path. This casting ia bored out, and a brasa bueh let in f" 
in thickneBi) x 15" in deptli, which forma the moving rubbing 
atir&ce round the aites. Between this casting and the lower 
one are arranged twelve braas conical rollers, 5J" in diameter 
at their largest part, and SJ" wide, supporting tbe centre weight 
of the turret. Theae rollera are placed in a live ring of brass, 
as shown in Fig. 5, Plate VIII. ; tbe pina round which they 
revolve are IJ inches in diameter, and screwed into the inner 
part of the braas ring with a jamb-nut screwed up to prevent 
the pin turning. A J" washer ia then put on, and segments 
of wrought iron 4" x |" are fastened over the whole thing 
by 1" square-headed wood screws; the outside nuta of the 
roller pins are tightened agMuat these eegments. The centre 
line through the inner rollers ia 5" above the centre line 
through the outer ones, which are thirty-six in number, made 
of caat iron, and turned conical, the largest diameter being 
18" X 9" wide; they are cast H sections, the boss ia bored out, 
and a brass bush fitted. The framework in which these wheels 
revolve (Fig. 3, Plate VIII.) ia made ofaninnerand outer ring 
of wrought iron, each 6"x|". The inside diameter of the 
inner ring is 19' 2", and the outaide diameter of the outer 
ring ia 21' 3^". Like the outside ring of the centre rolling 
Irame, these rings are made in short segments wltli joint 
plates on the inside, each fastened by four f" bolts, tlie two 
outside ones being long enough to pass through both riuga, 
with a nut at either end; round theae long bolts is a piece of 
IJ" gun-barrel tube, which acta as a stay or distance piece, to 
which the rings are acreweil home. There are 36 segments 
to each ring. The radius rods are '2" in diameter, increased 
to 2^" at the ends. The inner end is screwed into the live 
ring before described with a jamb nut on the outside; the 
opposite end passes through the roller and large rings, with 
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two jamb aute on the inside and one nut, with a pin through 
it, on the outside. 

On thia turu-table is built the " turret," a little eccentric to 
the platform, that is to say, the centre of " turret" is 9" from 
the centre of the platform, and is formed of 30 upright frames 
made of T irona, angle irons, and plates. The T irons which 
form the ineide circle are G"xIO"xJ". The plates on the 
outside are 10"xV. with an angle iron riveted on either side 
3"x3"xi", The T irons extend from the platform to the 
top of the " turret," a height of 9' 6", whereas the J" plates 
and angle irons only extend 3' 7" in height, and are then 
brought round to form the support for thewoodwork and armour 
plating, as shown in Fig. 4, Plate VIII. Between the vertical 
T irons, and beginning at 3' 7" from the platform, are nicely 
fitted balks of teak 18"xlO"x(*' in height; round this and 
hit in flush with the outside of the teak, are systems of diagonal 
bracing or trellia work (Fig. 8, Plate VIII.), with one hoop top 
and bottom 6"Xf", which is also the scantling of the diagonal 
bars. Ovpr this is built another ring of teak balks 18" X 10" X 6', 
and on the outside of this ia the armour plating, consisting 
of twenty plates 5'4"x3' 6"x5J" in thickness, secured to the 
framework of wood and iron by four 2" countersunk galvanized 
bolts to each plate, passing through to the inner lining, con- 
visting of \" plate irons. In addition to this lining there are 
two wTought-iron rings in the inside, through which the bolts 
pass, and to which they ore secured by an ordinary nut. The 
.upper hoop is 14" deep x 2" ia thickness, and the lower one 
6" wideX| ' in thickness. There is a double thickness of 
armour plating 12 feet long on the porthole side of the" turret," 
the inner plate being 4^ inches in thickness, making a total 
thickness of 10 inches solid plating. The roof is formed of 

lught-iron rolled beams, sometliing like a double-headed 
11, except that the top flange Is an inch wider than the bottom 
'One, the top being 3f", and the bottom 2|". These beams 
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are ij" deep, weighing ISlbs. to the fwot-run, or 45Ibe. tal 
yard. Tlicy are placed 2" apart, and pass through the wood- 
work reatiiig on the armour plalea; theae are covered with 1" 
wrought-iron platPs, bolted to them, as shown hi Fig. 4 There 

I «re also side laps about every three feet, which are bolted to 

' the armour platea. There is an opening above each gun 20" 
in diameler and 9" deep, packed round with wood, covered 
with plating; these are merely light holes. There are also two 
elita over each gun 4 feet long by about 8 inchefi wide, for 
the "captain" of the gun to take hia aim through. There are 

< two cowl pipes for ventilating each " turret." The short 
standards with hand-rmls are used for stowing the hammocks 
, while the long ones merely serve as a hand-rail for the look- 
out. The portholes are 20" X 3 feet, half round top and bottom, 
and lined in the inside with plate-iron |" in thickness. 

We now come to the turning gear, which consists of four 
winch handles and gearing, working two vertical shafits, one 
on each aide of the cupola, 2\" in diameter, Two of these 
handles work inside the " turret," the other two on the out- 
Bide. As they are all four alike, I need describe only one, 
which consists of a common winch handle (Fig. 7, Plate VIII.) 
15"radiu8, attached to a spur pinion 10" in diameter, 1^" pitch 
of teeth, 3|" breadth of same, 21 in number. This pinion 
■works into a spur-wheel 30"'4 in diameter, 1^" pitch of teeth, 
" breadth of same, 63 in number. To this is attached & 

, bevilpinion6"xl^"x4"x 11 tceth,workingintoabevilwh( 
18"xl|"x4"x33 teeth. This wheel gives motion to ^ 
upright shaft, to the end of which is fixed a Gpur-pia 
10" X 2^" X 6" X 14 teeth, working into the large wheel b<^ 
to the framework, the size of which is 22' x 2^" X 6 
teeth. 

The mechanical advantage gained by the gearing njl^ 
the periphery of the pinion which works into the rack : 
to 1. 
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: 40.1 to 1. 



If we suppose the whole weight of the " cupola" and gun§ 
(140 tons) to be concentrated on a circle of 15 feet in diaiDcler, 
■we have : — 

30x304x18x264 . 

"ibxiix"iox"j"80 

Eight men are the full compliment for working the gearing, 
four inside and four outside the " tuiret," the speed = 1 revo- 
lution per minute. Four men can work it, but, of course, 
they take double the time. 

In addition to the four winches just described, there is what 
is termed the deck turning gear (Fige, 4 and 6, Plate VIII.), 
oonsiating of two winch handles, each 15" radiua, working a 
bevil pillion 11" 1 x IJ" x3"x 20 teeth working into a be\-il 
wheel 32"-25xlJ"x5"x58 teeth. At the other end of 
the shaft to which this wheel is attached is a face pinion 
10" X 2 j X 6" X 14" teeth working into face rack on " turret " 
24' 6"x2^"x6"x412 teeth mechanical advantage gained by 
this gearing from the winch handle up to the periphei-y of 
the pinion which worka into the nick = 8'7 to 1. But, 
assuming aa before, that the weight is coneeutrated in a circle 
15 feet diameter, we have — 

30x32-25x294 ,, , , , 

ii-ixioxiao "^^''^"^- 

There are three email crab winches (Fig. 2, Plate VIII.), 
attached to the revolving platform, two of which are used for 

-working the guns and one for lifting the shot- 
There is a clear space of 3" all round Ijetween the " turret " 

and the well or hole in the deck, and this space is covered by 
leather flap or ring attached to the " tui-ret," and bearing 

on a brass ring fixed upon the deck; this leather flap is 

■weighted with a strip of iron round the outside in order that 

it may fit close to the deck. 

The edge of the hole in the deck, within which the 
turret " is placed, is strengthened by a wrought-iron well- 
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ring weighing about 1^ tons and fonned of 1" plate of 
wrought iron two feet deep, with angle-irons on the outside 
top and bottom. From thia ring radiate iron beams, Bome 
leading traneverBely to the sides of the vessel, and the others 
to the deck beams, to which they are firmly attached. On 
thcRe beams are laid the 1" plates forming the deck, and 
upon these is placed around the " turret " a " glacia plate " 
consisting of a ring 30" wide, and tapering in thickness from 
3" at the inner to nothing at its outer edge. 

Over the "glacia plate" comes the deck tapering in the 
opposite direction from 6" to nothing, and upon thia is hud 
round the " turret " a ring of |" stamped wrought iron plates 
2' fi" wide, which serves to protect the deck from being 
scorched by the discharge of the gun. 

The deck of the vessel rises at the angle of 5° from the 
sidea towards the centre, and is formed of 1" wrought iron 
plate, covered down the centre for a width of 26 feet with 8" 
teak planking; the remainder of the surface ia covered with 6" 
planking. The deck ia carried by wrought iron rolled beams 
placed 12" apart between the main wooden deck beams, and 
the 1" plating is laid ou in strii^s about 12 feet long by 
2' 6" wide, joined together by |" rivets, and covering strips 
4"xl". The 1" plating is doubled round the openings 
for the "turrets," hatchways, and funnel, and a double 
thickness is also carried, fore and aft, between the " tur- 
rets" and the sides of the ship. The armour plates are 
bedded upon crossed diagonal planking, which was added to 
the original aides of the vessel on her conversion from a three 
decker, making the total thicknesa of the timber backing 
three feet, as shown in Fig. 1, Plate VII. 

In conclusion I may add that the " turrets" are now made 
concentric in place of eccentric to the platform ; that in place of 
the small winches shown in Fig 2, Plate VII., they put a much 
larger one, with an endless chain to work the guns; and I believe 
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Captain Cole§ intends making the platform in future of 
iron. 

Owing to the ehortness of time given me to ppopa« this 
paper I have been obliged to curtail it in many reepect*; but 
1 trust I have succeeded in conveying tu the members [irescnt 
some slight idea of the manner the " turrets " on board tlie 
" Royal Sovereign " are constructed. 



[?eb. 18, l8eTJ 

On the System of Tank Ibrigation in Soutuekn India, 
ajtd the Pewciples of Native Cosstrdction of 
Earthen Dams, Sluices, and Escape Weiks (Plates 
IX. and X-). — By Colonel Meadows Tayjuok. 

In Southern India, where the fall of nun \s periodical, lasting 
only for three or four months in the year, and leaving an 
interval of from eight to nine months without any certain 
supply of moisture ; where also the entire or partial ftulure of 
rain-fall is inevitably productive of famine in a greater or less 
degree, the storage of water for irrigation, and for the use of 
man and beaet, has been an object of careful provision from a 
very distant period of time. At what date, in the history of 
India, the system may be said to have commenced, it is now 
impoeeiblc to ascertain; but from inscriptions upon embank- 
ments and sluices, upon temples, and upon copper tablets dug 
up from time to time, such works can be traced back, in some 
instances, for 1,600 years, and many in the South of India are 
probably much older. The fifth to thirteenth centuries after 
CKrLit, may perhaps be considered the greatest constructive 
period of the Hindus. 

Tank, or reservoir irrigation, it may be said, was established 
aaasystem, only to the south of latitude 1G° 30', or the junction 
of the Manjera River with the Godavery — whence it embraced 
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t)ie whole of the Muthern portion of the penmrala. 
thin line, in the Dckhan projier, in Ceottal lodia, 
uul Uie north-woBt pruviDces, 03 well as ia Bengal, tanka 
oocMionally inet with; some, m those at Bhopal, Satigor, 
Oodeypoor, snd other places, being of large i^ize.* Otherwise 
they are oonfinod to stuail reservoirs, and to jheeU or marshes 
formed by inundationa. There ia nothing, however, in the 
generel conatruclion of their dams (with the exceptions I have 
mentioned, and some in Gajpootana), to indicate the employ- 
inviit of hydraulic science, or systematic adaptation of stored 
witt«r to the use of the community, in providing 
irrifpitlou during the dry seasons of the year. 

'Ilii* U nccountcd for by the peculiar soil of the greater' 
of th(t central and upper provinces of India. Immedial 
north of the Manjera and Godavery Rivera, those great tracts 
of dcC]) bliick Hoil commence, which, unfitted to receive any 
proportion of irrigation, retain enough of the rain-fall to keep 
the BiibKoil iiioist, even in the hottest and driest weather ; and, 
Miiatcd by dews, bring to maturity crops of wheat, barley, 
and pnlac, with jowori, bajri, and other millets, which suffice 
for the maintenance of the people, and provide also fodder for 
their cattle. It is these deep alluvial soils also which produce 
cotton and oil seodfl, the staple exports of India. In all these 
northern provinces, therefore, rice ia not the ordinary food of 
the people; it is not grown locally, or if grown at all, is in 
Hinall proportion to other cereals, and is used in general more 
aa an article of luxury than as an ordinary item of provision 
or a necessary of life. 

Irrigation, therefore, as a system — except what ia furnished 
by the great canals from the Ganges and Jumna, &c — does 

* Tho PectiOleo Lake, at Oodeyjioor in Rajpoolaim, has an area of nbont 
B iqiure mile« of water, formed by an eartheD dam 300 yards long, with Oi 
feet of maiimuni height, fooed oith Btone, which was oonatraotad a 
1G60, by Kara Oodey Singh, who founded the city of Oodeypoor, 
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not exist. Where used at all, it is applied to what raay be 
termed garden produce ; that is, stigar-cane, ginger, turmeric, 
pepper, and vegetables of every kind. The water ie raised from 
wells by a simple and efficient contrivance called a mote, or in 
some localities by the Persian wheel and buckets, and the 
supply necessarily depends upon the strength and durability 
of under ground springs, and upon the distance of water from 
the surface. In some localities the under ground supply of 
water is copious and permanent; in such places wells will be 
found numerous, and in general use, watering from one to four 
acres of land, according to capacity of supply. In others, the 
springs are deep-seated and capricious, and well irrigation is 
comparatively very limited; but whenever water can possibly 
be rwaed to the surface, even as in parts of Rajpootana from 
the depth of seventy to one hundred feet, it is invariably 
applied to irrigation. 

To the south of the Godavery and Krishna Rivers, the 
geological structure of India entirely changes. In place of 
trap and basalt, granite appears, and the soil alters with the 
character of the rocks. In the trap formations we find large 
undulating downs and level plains, alternating with ranges of 
mountains and bills, which reach a considerable elevation. On 
the trap downs of the Dekhan and Central India the soil is 
black, and for the most part comparatively thin ; but in the 
plains and valleys — Berar, for instance — it is frequently as 
deep as thirty and even forty feet without a change in 
character. Wherever it exists, the black soil preserves its 
wonderfully fertile cliaracter lor the growth of dry crops 
without irrigation. I do not say, however, that irrigation 
could not be applied with advantage to many of the black 
Boila. Where they are shallow and stony, and occasionally of a 
loamy character, the application of water would produce crops 
of greater luxuriance and certainty than at present from the 
rain-fall alone ; for it but too frequently happens that the rain- 
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fall is scanty, and the shallow boU doea not retiun enough 
moisture for the crops sown. Evaporation also is more rapid 
from shallow than from deep boIIb ; and, as a consequence, crops 
which throve well during the occurrence of rain, wither up 
and are often entirely destroyed by drought, without any 
posaibility of being saved. In many localities, therefore, even 
of black soils, irrigation, if it could be used systematically and 
in suflacient quantities, would undoubtedly prove of immense 
benefit to the people. 

In the granitic soils, however, without irrigation, no 
valuable crop whatever could be raised. It is not that they 
are uniformlv waste, or unused for any cultivation ; on the 
contrary, they are frequently well tilled, and sown with 
pulse, millets, and other crops winch will come to maturity in 
the rainy season ; but at best they are poor and uncertain. 
The black soils already mentioned occur, like alluvial deposits, 
in patches, as I may call them, all over the south of India, 
producing, as in the north, cotton, millet, and pulse without 
irrigation ; but tliese deports are comparatively of very limited 
extent, and form a very small proportion in the area of the 
Southern Provinces, in comparison with the granitic soils. Of 
themselves, therefore, they would be totally inadequate fcnr 
the support of the population. Nor would irrigation depen- 
dent upon welU influence the rate of production in any 
considerable degree, or suffice for the cultivation of rice, the 
ordinary food of the people. For, as a rule, wells in granitio 
formations are not so certain in their water supply as those of 
the trap country, nor are the products to be raised from their 
use so valuable or abundant. 

As the population of Southern India, therefore, increased, it 
is evident that means wore adopted for the storage of watw 
for purposes of irrigation ; and while the usual dry crops were 
not abandoned, the use of water enabled not only a larger and 
more certain Bup[ily of provision to be raised, but ensured the 
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cultivation of more valuable products. The granitic 
whether eandj or compoeed chiefly of etiif felspathic cla^, 
became, under the application of water, admirably suited for 
the growth of rice. These soils, wheu flooded, and ploughed 
in that condition, became a soft, but tenacious mud, in which 
the seed cuuld be sown ; and as rice always requires to have 
its roots covered by water, level terraces were formed, on wbi(^ 
the water supply could be distributed from channels, and 
where it was not absorbed by the clayey or rocky subsoil, in 
any inconveniently rapid degree. 

It baa been necessary to expUun to you briefly the difference 
of soils and their products in Northern and Southern India, 
to account to you for the ]»rimary condition of both. The 
continued absence of means of irrigation in the one, as well as 
the non-desire for it, being attributable to the certainty of 
raising crops of nutritive cereals by the ordinary rain-fall and 
dews; and in the other, the presence of irrigation being 
unavoidable to secure adequate proiluce, which otherwise could 
not be attained at all. In its original condition, the greater 
portion of the South of India must have consisted of dreary 
tracts oovercd by a thorny, scrubby jungle, inhabited sparsely 
by a population which moat probably was supported by the 
intervals of richer soils. In this condirion, which is described 
in the great Epic poem of the Ramayun, it was foimd by the 
Hindu King of Upper India, Bama, in his expedition for the 
conquest of Ceylon, at a very remote period of time. These 
characteristics it still undoubtedly presents in a modified 
degree. There are occasional tracts of uncleared jungle still 
to be met with, the soil of which is clayey, hard, and atony, 
vnoulturable with any profit, even if cleared, without the 
application of water; while adjacent to, and in some localities 
intermingled with them, are thickly -peopled districts possess- 
ing the same soil, in which irrigation is largely used, and 
which are highly prosperous. There can be little doubt, 
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however, that both were originally ia the same condition ; 
that the latter owe their improvement to the invention- 
irrigation from tanks or reservoirs, which I believe to be 
far the earliest description of hydraulic engineering in Ini 
and, in its peculiar character, perhaps in the world. 

Any detail of the local history of the South of India woi 
be foreign to the scope and purport of this paper, and indi 
what e:!i3ts of it is in the last degree uncertain and obsci 
The expedition of Rama, King of Oude, or Northern In< 
for the recovery of his wife and conquest of Ceylon, ia believed', 
to have taken place about twelve hundred years before the 
Christian era; and in the description of the country tbrou^^ 
which the northern armies passed, we find the Peninsula, 
fa.T south as the Cavery River, was little better than a foi 
Savage tribes were met with here and there ; but there aei 
to have been no evidence of civilization until, iifter passing the 
Cavery, the "junusthan," "or abode of men," was reached. 
Here the northern warriors encountered civilized communities, 
dwelling in fair towns and cities, and enjoying the privileges 
of an advanced social condition. This, in fact, was the com- 
mencement of the great southern kingdom, which included 
Ceylon, and was then perhaps in a more enlightened condition 
than any other portion of India. Subsequently, in the beat 
period of Grecian history, the southern kingdoms of the 
Pandu and Chola dynasties are mentioned by Ptolemy. 
Strabo, as quoted by Mr. Elphinstone, records that an 
ambassador from King Pandion, or Pandu, had been sent to 
Augustus. The Pandu dynasty of the period of the Periplus, 
had possession of the Malabar coast ; and there can be no doubt 
that, from a very early period of time, maritime communication 
between India and the Red Sea had been permanently 
eatabhshed, and that the Egyptians had preceded the Greeks 
in trading expeditions to the East. Dim aa these records ai-e, 
it is at least unquestionable that the people oi' the south 
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west of India had reached a high state of social and inteilncttiul 
ailrancement as early as the period of Kama's conquest of 
CevIoQ, or 1,200 years B.C., and in Bomc respects were equal 
to the EgyptJana. 

It is not, therefore, extraordinary, that the invention of 

irrigation should have accompanied other constructive inveo- 

tious, anshitecture, and handicraft in general t and the condition 

ofthePandyan and Chola kingdoms of the south, and the 

noble works which have survived them, warrant me in ascribing 

to them some, if not most, of the earliest works of irrigation. 

We may indeed easily imagine, that where water was a 

nficesaary of existence and production, a people in even a 

coiii|»iatiTely rude state of civilization, should tut upon the 

ezpfdient of damming up small streams or water-courses, to 

ensure a local water supply even for their cattle and domestic 

We; and we can follow their first rude efforts to the grand 

conclusions afterwards attained in the progress of architecture 

and constructive science — those noble reservoirs, with revetted 

embankments, escape wcira, and sluices for the application of 

the stored water to agricultural piupoi^es which still exist, and, 

under comparatively slight repairs, will continue to exist for 

centuries to come. 

If the necessities of the country, in its only periodical rmns, 
the subsequent drought, and the intractable nature of the soil 
without water, suggested the earliest attempts at securing 
water by duma, its natural configuration mainly assisted these 
projects. An undulating suri'ace presents hollows of greater 
or less extent, which are the beds of streams that result from 
tbe drainage of the ordinary rain-fall. In the lower portions 
of these streams, water was always present during the dry 
seasons ; at first, in pools, or percolating beneath the gravel of 
their beds, till at length a continuous stream was perceptible 
which, even in the dryoat weather, flowed into the sea. But 
in the upland regions of such rivers and their numerous tri- 
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butarieB, Btreame wbicli filled during actual rain-lall, becams 
dry beds soon after the raio ceased ; the naturally bard soil 
had absorbed very little moisture, and there was therefore no 
natural dnuoage to supply the beds of water-courses. What 
marvel, then, that this condition of things suggested the 
daroming up of small water- courses by earthen embankments? 
These may have been. In the first instance, a few feet only in 
perpendicular height, and their configuration in the last degree 
uncertain, and rude of design; but it was found that they at 
leaat retained water, and an ingenious, and, in many respects, 
scientific people, gradually remedied defects of construction, 
and advanced the art till it atttuned the gigantic proportions 
we now behold, 

I repeat that I consider the Pandyan and Chola kingdoms 
L of the southern portion of India, were the birth-place of this 
I invention ; and that it was extended from thence northwards 
a the country became the seat of other and more extensive 
Hindu dynasties, and the wild abori^nal tribes which it had 
supported at the [leriod of Kama's invasion, being conquered, 
followed the directions of ravilized influences, and became 
settled, agricultural, and trading communities. It would 
interest you to know of these dynasties; but many grew ( 
MBsaively out of the earliest Hindu kingdoms and th< 
lonquests ; and we see from the remains, clearly traceable 
each, a gradual improvement in design and construction, 
only of irrigation works, but in architecture, up to the period 
of the first Mahomcdan invasion in A.D. 1310. After thia 
period, all the southern Hindu dynasties successively disap- 
peared, and the progress of constructive art and science, 
far as their influence existed, altogether ceased. 

We have two periods, therefore, of tank or reservoir worl 
In Southern India, the one from the earliest invention up 
the period of the Mahomedan conquest which began 
1310, and the second, from 1310 up to the present time. 
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Major Bidrd Smith observes in his report: — 

'* The extent to which it (the system of tank irrigation) 

has been carried in the Madras Presidency is truly eztraor* 

dinary. An imperfect record of the number of tanks in 

fourteen districts only, shows them to amount to no less than 

43,000 in repair, and 10,000 out of repair, or 53,000 in all. 

It would be a moderate estimate of the length of embankment 

for each, to fix it at half a mile, and the number of masonry 

i^orks in sluices of irrigation, waste weirs, &c., would not be 

overrated at an average of six. These data., only assumed to 

give some idea of the extent of the system, would give close 

upon 30,000 miles of embankment (sufficient to put a girdle 

round the globe not less than six feet thick), and 300,000 

separate masonry works. The whole of this gigantic 

machinery of irrigation is of purely native origin ; as it is a 

&ct, that not one new tank has ever been made by us. The 

revenue dependent upon existing works is roughly estimated 

at 150 lakhs or one and a half millions, and the capital invested 

in them at fifteen millions." * 

Let me now beg your attention to the printed sheet of the 
trigonometrical survey of India which I have before me. It 
is remarkable as showing a portion of the northernmost estab- 
lishment of systematic tank irrigation, and for the most part 
belongs to the first period of Hindu execution, though not 
the earliest. The portion here represented contains three 
provinces of his Highness the Nizam's dominions, Boengeer, 
Dewurconda, and Nulgoonda, and though several of the 
largest works belong to the Kootub Shahy Mahomedan dy- 
nasty of Golcondah, which was founded in A.D., 1512, and 
continued till A.P.,,1656 — ^the whole of the systematic execu- 
tion belongs to the Hindu kings of the Andra dynasty, 
which, probably from the fifth century before Christ, up to 

* This does not indade Mysore, and the territories of H. H. the Nizam. 



134 TBAKSACTIOMS OP THE INSTITUTION 

the Mahomedaa conquest in the fourteenth century after 
Chriet, ruled over these provinces of Telingana, as part of 
tlieir most ancient possessions. 

This map is on a scale of four miles to an inch, reduced 
from tlie original working scale of four iuches to a mile. The 
great and minor triangles of the survey were laid down by 
the ordinary methods of large surveys, and corrected by as- 
tronomical obscrvalions; and the smaller portions were filled 
up by most minute plane table work, wherein every hill or 
rock, every strentn, every rill and water-course, as well as every 
tank, large or small, was laid down with wonderful accuracy 
and completeness. It has, therefore, every claim to your 
confidence. 

Tho Boil of these three provinces ie for the most part 
granite, and there are comparatively few deposits of r4gur 
or black soils, Occasional ]mtche8 of jungle are met with 
in situations too high for the water from tanks to reach 
them, and it is from these places that the original character 
of the district can be best estimated. Some portions of 
these have been partially cleared for dry crop cultivation, 
and produce coarse jowari and millets, wilh oilseeds and 
pidac in the rainy season ; but the staple product of the 
whole of this tract of 12,000 square miles is rice, and I ue« 
haitily state that it is the system of irrigation which oloj 
enables il to be produced. 

Examine the details of this system, and take each watf 
shed and catchment of drainage in succession, and you Vi 
see what admirable use has been made of it. At a first gla 
and, indeed, without local knowledge, it would t 
all these lakes were natural; but there is not one natui 
lake in Southern India. The whole are artificial r 
The country is undulating throughout. The rangesJ 
hills shown, are of no great elevation, never perhaps exte 
ing 500 feet in height, and for the most part consist ) 
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.files of granite rocks, the upper portions of wliich are 
denudaled and bare. These occupy the create of tho natural 
ridges of the country, which bound the water-shcde; but 
tKCasionally, rocky spurs project into the valleys, of wliich 
«lvantage has been taken, in tlie formation of large and 
™»all reservoirs, by the construction of earthwork diuns from 
point to point, wherever the area upwards on the stream pre- 
sented a flat surface, or one at an inconsiderable gi'adient, to 
(oTva a basin. 

Xrace any of the streams delineated on the map to their 
^Urces, and you will find nearly all the small tributary water- 
courses to have been dammed up at various points by a scries 
o^ small and large embankments, each forming a tank or 
■"ftaervoir, small or great, according to area and cajwiuify of 
>in, or estimated supply of water, until the mtun stream la 
reached, wliich, in its turn, is dammed up until ita size is no 
K>nger controllable. 

X select two instances out of the many which the map 
presents for illustration of these jwints, and I liave enlarged 
both from the map scale, of four miles to an inch, to one of one 
nUle to an inch. Fig. 1, Plate IX,, shows the water-ehcd catch- 
ment of the fine tank at Ibrahim Puttun, twenty-four miles 
soQth-east of Hyderabad. This work was executed by Ibrahim 
Koolub Shah, King of Golcondah, who reigned from 1550 to 
15G0, and is therefore of the latest Mahomedan period; but 
the tanks above it, on the various tributaries, are the work of 
tie ancient Hindu period. The water-shed is about nineteen 
ffliJes long, with an average breadth of nearly ten, so that the 
"'^lam represents the drainage of about 190 square miles. 
*roin the moat remote tributary rills, down to the large tank, 
yu 8ee seventy-three tanks of various sizes, all forming parts 
(''"one great system, and providing storage of many miUioua of 
'"^io yards of watei', and the irrigation of perhaps thousands 
^' ^uyca of rice, sugar cane, and other produce. 
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The erection of theae emhoDkinents rnay have been acdderz:!^ 
tal, and may, as moet suppose, have been conatrQcted n-ithoi^E 
any computation of rain-fall or gauge of storage capacity; bu "* 
I cannot think that this was invariably the caee, for lu dctaL-/ 
it is very observable that provision has been made Id everj^ 
successive construction of a dam for the reception of overflow 
from upper reservoira, and its discharge and transmission to 
those below. 

Finally, then, the large tank at Ibrahim Puttun is reached, 
whence the overflow is returned to the stream which is now 
too large to admit of further banking up. This tank has an 
embankment of rather more than two miles long, and the water 
area may be nearly two square miles — the greatest depth being 
about thirty-six feet. The whole of this embankment is faced 
or pitched with dry stone, and the design and construction 
throughout is admirable, particularly of the sluice and escape 
weirs, the latter being of great capacity. 

Fig. 2 ehows the water-shed of a larger stream than 
that of Ihmhim Puttun. The last tank at DewulpuUy is 
32 miles from the source, but the water-shed catchment has 
only an average breadth of about 6^ miles, which would 
give an area of, say 210 square miles. In this are S7 small, 
and three very large tanks, the upper and lower being 
larger than that of Ibrahim Puttun. The embankments of 
both series vary, of course, in length and height very con- 
siderably ; but they are all constructed on the same piinciple, 
and have all stone revetments and masonry sluices, without 
exception. The upper tank at Chcrroopully has an embanl 
ment of two miles long. The second, at Pungul, of a 
and a quarter; and the last at DewulpuUy, of a mile a 
half. And this lake, as it may be called, is 2^ miles long, b"^ 
1^ miles wide, and has therefore an area of 3^ square miles, 
and a vast capacity for storage. Tlie whole of this aeries 
belongs to the ancient Hindu period, and is remarkable i 



OF CIVIL ENGINEERS OF IRELAND. lo7 

™e inlelligence by which the surplus flood is discharged from 
**ch reservoir, and the daring, bo to speak, of the conception 
ff placing two such reservoirs as Pungul and Cherroopully 
iboTc the final one at Dewulpully. No accident, however, 
tie ever happened, and the whole of these works are ia 
ordinary use and good repair. I liave only to regret 
liiat I have not exact measurements and dctailt^ of the 
embankments of these three large tanks, and that nt Ibrahim 
Putton ; but I propose to give details of a finer work than 
any of these near the city of Hyderabad, executed by Ibrahim 
Kootub Shah, King of the Mahoniedan dynasty of Golcondah, 
and the constructor of Ibrahim Puttun, which will enable you 
to judge of the executive skill and intelligence with which 
tbcae undertakings were carried out solely by native engineers. 
The certainty of supply to tanks in India is derived from 
the sudden and copious falls of rain which occur in the 
monsoon, and sometimes at other periods. A fall of two 
inches of rain or more in a single night or day, as very 
frequently happens (I have known as much as eight inches in a 
single night), serves to fill tanks with certainty, because the 
surface flood ia too great and too sudden to be absorbed. The 
same quantity of rain-fall, distributed over a month or a 
fortnight, would have probably no effect at all upon the 
supply of reservoirs. It would be absorbed by the earth. 
and in a great proportion carried off by evaporatioa The 
very causes, therefore, of danger to i-eservoirs in other coun- 
tries, that ia, suddeu floods, are in India the most certain and 
most desired sources of supply; and these strings of tanks 
prove, that the practical skill of native Indian engineers has 
been quite equal to cope with them. 

Thus in the succession of tanks which you see in this map, 
one below another, down every one of the valleys, it some- 
times happens, in unusually heavy and sudden Mis of nun, 
especially when the basins have been already filled or partially 
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filled, that ai) upper tank gives way, and the accumulate 
water descends into the next. I have even known eeveral in 
eucceaaion to give way, and yet it has been proved by the 
safety oi' the lower and larger sized tanks, that the capacity of 
discharge of flood had been perfectly well eatimated, and ran 
off by the escape weirs without damage. In this respect, 
indeed, very large tanks seldom sufFer; and it is only from 
those whose waste weirs have been constricted in the original 
design, or the crests of the dams kept in bad repair, that any 
danger can be apprehended. 

In the map before yon, I find the number of tanks, large 
and small, to be 5,G41 in an area of 12,000 square miles, but 
it is quite possible that iu counting them many small onca 
may have escaped me ; and this furnishes to yon a practical 
illustration of what may bc fairly termed the system of tank 
irrigation, which, frojn the latitude of these provinces, extends 
not only across the peninsula bnt to the southernmost por- 
tions of it. In this map j-ou will not find any tank with a 
greater area of water than perhaps four or five square miles, 
and only comparatively few of this size; but in the province 
of Kummum. to the east, the tanks are far larger, and the 
smaller reservoirs fewer. In one locality, the Pakhal lake, 
which has been formed by throwing a strong embankment 
across a considerable river in a narrow got^e, is twelve miles 
long, by two to five miles wide, and is as large, indeed, as 
many of the lakes of Westmoreland or Cumberland ; while 
artificial reservoirs as large, perhaps, as one of the lakes of 
Killarney, are existent in many places. In the south of India 
and in Mysore these dimensions arc greatly exceeded. The 
Chumbrambaukum tank, near Madras (I quote from Blajor 
Baird Smith's official report), has an embankment of three 
miles five furlongs in length, and from sixteen to twenty-six 
feet in perpendicular height. Its area is 9^ square miles, and 
its volume may bc estimated at 3,000 milliona of cubic y 
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of water. It irrigates 10,000 acres of land, and produces a 
revenue of 50,000 rupees, or £5,000 a year, of which 7 per 
cent, per annum, or £350 has been euflicient for its repair. 

The Veeranum taTik, also near Madras, has embankmentH 
filling up natural elevations of twelve miica in lengtli, and liua 
an area of water of no less than thirty-five square miles. 
The antiquity of this tank is so great tliat it cannot be 
ascertained, and it has consecutively afforded a revenue of 
from £11,000 to £12,000 a year to Government. 

The Caauvery Pank tank has an embankment of 3| miles in 
length, all with dry atone facing. The area of water is about 
seven square miles, and is distributed to the lands below by 
Dine masonry sluices, of which, as also of sections of the 
embankment, diagrams are given in Major Baird Smith's 
report. 

If it wore necessary I oould give you details of many otlier 
iTOrks of purely native origin, and of an antiquity extending 
from, perhaps, long before the Christian ei-a duivn to the last 
three hundred years, which are even larger tJian these. Many 
such works are to lie found in Mysore, and in the coUectorates 
of Cuddapa, Neltore, and BcUary ; and the lakes or tanks of 
Toonoor in Mysore, of Cumbura in Cuddapa, and Daroojee 
in Bellary— the latter conatnioted by a prince of the dynasty 
of Beejanugger in tiie 15tli century, are in their several 
degrees as noble and perfect works as could be executed by 
sny hydraulic engineer of the present day, in the most 
civilized and advanced countries in Euro[>e, and under all 
the appliances of modern science. It is needless for me to 
say that before any enumeration of these works, whether as to 
fflze of dams or capacity of storage, the earthen dams in Eng- 
land, which have required the highest exercise of professional 
akill in construction, are absolutely insignificant. What I 
have most wished, however, to impress upon you is, not so 
much the excellence of the execution of individual works in 



TRANSACTIONS OF THE INSTITUTION 

India, as the grandeur of the conception and execution of a 
ajBtematic storage of water practised by all the ancient aative 
dynaatiea of Southern India; and a closer examination of it, 
on the published maps of the Trigonometrical Survey will > 
show you that while the system was universal in all granitic ' 
districts, the size of the tanks now existent, after centuries of 
continuous use, prove that no mean engineering difficulties 
were, grappled with and overcome in a truly masterly 
manner; and further, that whether in construction of the 
earthwork, embankment*, and their revetments, the masonry 
escape weirs, and the sluices for irrigation — the native engi- 
neers not only constructed works which have defied time 
and the action of the elements, but, as I conceive, must have 
been well acquainted with the practical scientific requireraenta 
of their profession. 

These qualifications will, however, be more clearly impressed 
upon you and more distinctly apparent, if I take in dctiil the 
works of one large tank, the embankment of which, and ita 
area of water and irrigational capacity, place it in the class of 
highest rank as to construction ; and though its area of water 
is not equal to that of many others, or to those already 
mentioned, its depth, and the height of the earth-work, prove 
it to be an original, and perhaps daring, conception. ; 

I allude to the Hussein Sagor Tank at Hyderabad, the 
work, as before stated, of Ibrahim Kootub Shah, one of the 
kings of the Mahomedan dynasty of Golcondah, who reigned 
from 1550 to 1580; and I am enabled by the kindness of an 
old friend, Colonel Edward Buckle, late of the Madras Royal 
Engineers, an officer who, during liis service, had very ext«n- 
wve experience of irrigation works, particularly of tanks, and 
who has most obligingly placed his notes of this great work 
at my disposal, for the purpose of this lecture — to give you 
a detail of it. 

This tank, or reservoir, is situated about five miles north 
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of the city of H}rderabad ; and its position, n^ well ua it^ calch- 
meiit of water supply, are laid down in the Trigonometrical 
Survey Map. It is partially supplied l»y two streanu, which 
bring to it the drainage of the catchment fi'oiu the north 
and north-west ; but as these streams, under ordinary' yearly 
niii-Mk, are insufficient to Hll the basin, a supply canal, from 
a point about twenty miles distant on the river Moosy, waa 
part of the original design. This ramal, during its course, 
w«8 intended to irrigate the lands through which it passed, 
and thus much of its capacity for storage was dissipated. The 
whole of its line has also required repair, and in some places, 
reconstruction, from time to time; but the cutirc work has 
recently been renewed, and is now in excellent order, main- 
taining, in a great degree, the water of the reservoir against 
the discharge by irrigation and evaporation. The main ein- 
iKmknient itself has required no outlay whatever since its 
construction, with the exception of the repair of a small breach 
in the Dorthem end of the work, which occurred, I think, in 
the year 1832. 

The area of water, when the reservoir is full, amounts, by 
M^or Buckle's survey, to 6,300,000 square yards, or 1,300 
teres, or a little more than two square miles, the greatest 
length of water diagonally across the tank being a little 
over three miles. 

The bed of the basin ia very regular, and was originally a 
plwQ, with an equal and easy gradient from all sides to the 
embanlunent. Wlien full, the greatest depth of water is, on an 
Lvenige, fifty feel in the deepest portions, though 1 have taken 
poundings of upwards of ten fathoms a little distance from 
die bank- Close to the embankment, the depth is ordinarily 
flirty-five feet, showing a diiference of fifteen feet. This may 
ie either the result of silt, which is improbable, as the usual 
leposit of silt does not exceed afoot in a century, if so much; 
may be occasioned by a natural ridge on which the embank- 
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ment was founded, and I believe the latter euppoaition to be 
the correct cauee of the difference, At a rough computatioa, 
therefore, and taking the average greateet depth at fifty feet, 
or even sixteen yards, the area being 6,300,000 square yarda, 
the cubic contents of water would be 6,300,000 x 8 = 
50,400,000 cubic yards of water for irrigational purposes ; and 
as each acre of rice-land requires, on on average, 5,000 cubic 
yards of water during its growth, the supply in the tank 
would be equal to the cultivation of 10,000 acres of land for 
one crop. Although, therefore, the superficial area of thia 
tank is not equal to others already described, its great, and, I 
believe, almost unrivalled depth, raises the Hussein Sagor to 
a work of the highest rank. 

Fig. 1, Plate X.^The extreme length of the embankment ia 
7,400 feet, or nearly one mile and a-half. Of this the central 
portion, which crosses the valley, is 5,200 feet, or nearly a 
mile, and there are two portions at the north and south ends, 
on natural ridges and of much lower elevation, which complete 
the work and contain the waste weirs. 

The greatest perpendicular height of the earth-work in the 
centre is sixty-five feet, and the contour of the valley is so 
regular that an average of height along the central portion of 
the embankment may be fairly taken at forty-five feet, if 
indeed it be not greater. It will thus be seen that the crest 
of the embankment is considerably above the high level of 
water, very much higher, in fact, than in any other tank of 
which I have knowledge; but in this a wise precaution was 
exercised by the native engineers, for in gales of wind from 
the south-west, the waves beat heavily against the embank' j 
went, and as it is, their spray frequently washes over tlwl 
top. A lower crest would, It is obvious, liave exposed th« 1 
work to danger, if not to destruction. The crest, however^ J 
is now protected by a broad-metalled road, and along the^'J 
rere of the embankment another metalled road has been con-j'.J 
atructed, which has added materially to its strength. 
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The exterior, or water-face of the embankment, has a pitch- 
ing or revetment composed of blocks of cut or hammer'dressed 
granite, arranged in the form of steps, the greater portion of 
■which is still perfect. In some places, however, whether 
owing to the pitching being too perpendicular, or owing to 
gradual settlement of the earth-work, the stone has become 
displaced and uneven, without, however, affecting the stability 
of the work, and in some respects this unevenness of revet- 
ment may have served a good puqtose in breaking the force 
of the waves better even than a smoother mid more regular 
outline. 

In Plate X., Fig8- 2, 3, 4, and 5, represent sections taken 
at different parts of the embankment, exhibit its sectional 
profile. The water face has a elope of I horiEontal to 2J 
-vertical in some places, and 1 to 3J in others : and the 
average is about 1 in 3. This is, no doubt, too steep ; and a 
elope of 1 to I, or an angle of 45°, if not indeed more, 
would have been better ; but the present slope has not affected 
the stability of the work in any degree. 

The stone pitching is nine Jeet thick at the top; and, 
though the bottom could not be measured, it may be taken at 
eighteen feet, as the practice of native engineers is to double 
the width of the top ; or rather from the foundation, whatever 
it may be, to decrease the width upwards by one-half in 
construction. 

Whether there is any masonrj' foundation for the basement 
or not has not been ascertained ; but my impression is there 
ia none, as puddled clay, wliere the natural earth is strong, ia 
considered sufficient to prevent leakage. 

The upper surface of the embankment is sixty-five feet 
broad at its broadest part ; indeed the top breadth throughout 
may be taken as equal to the height, or thereabouts. 

The^ whole ib composed of fine clayey earth, excavated, no 
doubt, from the bed of the basin, and carried up the bank by 
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I hand in baekeU. No puddle wall was needed, 

I native tanks lias thia mode of construction ever been practised. 

In granitic soils the decomposed felspar which exists in cer- 
j tain proportions in all earths, acts in a most efficient manner 
I AS a binder ; and when the earth liaa been well beaten down, 

either by being trampled by elephants or cattle, especially 
I sheep and goats, or has been tamped as It were by parties of 
I men and women beating in unison with wooden rammers, 

the result is a compact mass which is perfectly impervious to 



The exterior or eastern face of the embankment is vtm 
i irregular. In some places it joins the level of the fields, i 
I others it la finished by a revetment which has done good 
ervice. In general, perhaps, the slope may be considered 
B 3 horizontal to 1 vertical. 
As I have before said, there are escape weirs at each t 
■ of which the northern is the longest, being about 200 feet I 
length, capable of discharging a stream four to six feet i 
depth on the crest. The weir archway at the south i 
on a somewhat higher level, and assists the other in occasioai, 
I of extreme floods. 

There are four main sluices for irrigation, three large a 
one small. These buildings rise from the base of the embank- 
ment, and are liandsome architectural structures or pavilions, 
having apartments in them at the sides, aa well as the halla 
■whence the sluice poles are managed. The peculiar characte 
I of these sluices, and the plan on which all native sluices t 
f constructed, will be presently explained in detail. 

I need not here enter upon the theory of the pressures 4 
I water, with which I will presume all who hear me to have t 
come familiar; but I can hardly suppose that, in some foni 
or other, it was not known to the native engineers, and so cal- 
culated before this tank was begun. An embankment a mile 
;, with a perpendicular depth of sixty feet, ~ 
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be undertaken without sufficient data for its stabilitjr under 
the pressure of at least fifty feet deep of water. 

In all respeota, therefore, I beg your consideration of this 
work as a very noble result of native engineering in eartli- 
wort, not only in regard to the details of its original con- 
stroctlon, but in the fact that it has already etood the 
elemental wear and tear of three centuries, and, so far as can 
be predicted, will continue to do so for centuries upon cen- 
turies to come. 

I now request your attention to Figs. 6, 7, 8, and 9, of 
sluices, which shows the plan and intention of these safe, 
flimple, and most efficient contrivances for the discharge of 
water, common to all tanks in Southern India. There is 
considerable variation in the architectural designs of them, 
but none whatever in the principle. I have purposely shown 
one fitted for a tank which has to discharge say twenty feet of 
water, and it is simply by adding stories that the height of 
those of the Hussein Saugor and other deep tanks is reached. 
The largest of those sluices discharges forty feet of water 
from two sluice levels of twenty feet each, lea\-ing a residue 
of about ten feet of water which is never used, as it is con- 
sidered unsafe to expose entirely the base of any embankment 
and the bed of the tank to the unchecked action of tlie sun. 

We will, therefore, take ii sluice of two stories, with ten 
feet of water to be discharged from each, the lower story 
having double apertures of discharge. 

Fig. 6 shows a section of the sluice and of its tunnel under 
the embankment. The foundation is laid on rock, if available, 
if otherwise, on concrete; and should this be insecure, in con- 
sequence of the nature of the soil, upon wells, the intervals of 
which are filled in with concrete. The masonry of the 
water fece, both of the platform and sluice shafts, is generally 
of cut stone, neatly joined. Brick ia rarely or never used. 
In many instances I have observed an interval of strong con- 
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orete kid between the outer and inner faces of the masonry, 
in order to prevent percolation; but if tnily squared and 
joined, the stone masonry \s eufficiont. The platform of the 
sluice ia almost invariably constructed of concrete well beaten 
down, 80 as to be impervious to water, and the whole preeenta 
a mass of great strength to resist the pressure upon it. 

The front and side walls are then carried up, leaving a 
perpendicular shaft (A) behind, through which the water falls 
into the tunnel. 

The tunnel joins the shaft horizontally, and continues 
under the embankment. The spot on which the water falls 
from above is usually constructed of heavy flags or slabs of 
stone; but there is generally enough of water in the tunnel 
to prevent the falling water from above impinging upon the 
stone foundation. 

In the Hussein Saugor sluices the tunnel ia five feet high, 
by four feet wide inside, but in smaller tanks these dimensions 
are reduced. In all cases, however, they are sufficient for a 
man to pass from end to end. 

The floor of the tunnel is composed of blocks or slabs of 
stone, neatly joined side by side, and laid in strong concrete ; 
and they usually project beyond or into the walls, when slabs 
of sufficient length can be obtained. 

The sides are constructed of strong masonry, and the ia*M 
terior face is generally of cut, or hammered-shaped &toai 
The walls are from two to three feet thick, and are built upoi 
the floor. 

The roof is composed of blocks or slabs of stone like 1 
floor, laid upon the walls (Hindoo architects never ■ 
arches) side by side, and neatly fitted together; and over theaal 
is an outer covering of concrete two feet thick, rising to threa.f 
feet in the centre as aho^vn in the section (Fig. 9). I need!] 
hardly observe that this work ia entirely completed before a 
earthwork is laid over it. 
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At the end of the tuoncl outeidc the embankment is a 
cistern, wliich receives the water of the sluice, and from 
the orifices in which the water flows Into the channels of 
irrigation. 

The action of the sluice is as follows (Fig. 6) : — The water 
from the tank falls through a conical orifice in a etone 
Sag or slab (B), which is strongly cemented into the upper 
floor of each story of the sluice above the shaft directly into 
the tunnel; and thence runs into the cistern from whence it 
is discharged. The tunnel is neeer filled to the roof, because 
the orifices in the cistern are placed a foot or so below the 
level of the roof; and as the maximum discharge from the head 
orifice can never vary, an equal discharge, whatever it may 
be, is mEuntained from the cistern. The tunnel, therefore, \a 
no more than a drain or culvert which can never, under any 
pos^bility, be filled, and consequently no presaiire upon any 
part of it can exist. To my perceprion, therefore, this simple 
contrivance is safer than an iron pipe laid under the earthwork, 
which has to sustain pressure according to the depth of water 
above it: and is certainly more manageable because more 
accessible. 

And the method of discharge of water from the head orifice 
is equally simple, safe, and effective. A pole of wood (C), the 
end of which is shaped into a cone to fit the orifice in 
the head atone (B), is held in an upright position by a gallowa 
beam of stone, that is, a transverse piece fixed to two uprights 
(ride l''ig. 7 of the elevation of the sluice) from which it is 
worked. This pole usually passes through two transverse 
beams, or if the distance be great, even three, in order to 
keep it steady. 

Now if the conical end of tlie pole (u) be let doivn into the 
conical orifice no water whatever can pass out. It id 
literally the cork to the bottle. On raising the conical end, 
which is easily done from the upper cross beam, the emission 
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of water be^ns, and can be graduated to a nicety. The man 
who has charge of the sluice knows by experience, that if he 
lifts the pole an inch and puts a peg into the first hole in the 
shaft of the plug or stopper, a certain quantity of water will 
escape, enough to irrigate certain portions of land. If more 
land is to be watered he knows also how much the plug ought 
to be raised; and if the sluice aperture is altogether opened, 
the utmost capacity of discharge is attained. In some very 
large tanks, where a large amount of water has to be discharged, 
I have seen two orifices in each story. It will be admitted, I 
think, that nothing can be simpler or more effective than this 
conical plug of wood fitting into a corresponding aperture in 
the stone. The greater the weight of water above is, the 
effect is only to make it fit the more securely, while the plug 
can be raised in any proportion to suit the discharge of water 
required. If the invention were ever used in this country, a 
well known formula would determine the maximum discharge, 
and its fractional parts in the raising of the plug. This would 
be calculated very simply, and could never vary. 

In regard to the sluice itself, there is no internal pressure 
upon any part of it. The water falls from the head orifice 
clear of the sides of the shaft. No upward pressure can 
exist upon the roof, and consequently no danger to the earth- 
work can arise from below. The lateral outward pressure 
against the sides of the tunnel, from the shallow stream of 
water running through it, is too insignificant to deserve men- 
tion, and the apertures in the cistern, which are always equal, 
or superior to the discliarge from the orifice, prevent any 
accumulation of water in the shaft and tunnel. Even supposing 
any obstruction to exist in the apertures of the cistern, the 
w^ter could only rise to the crest of its walls, which, being on 
ai level with the roof of the sluice, no pressure could ensue 
that the mass of masonry could not resist. In some instances, 
and in order to ensure additional height for the exit of water 



OF CIVIL ENGINEERS OF IRELAND. 149 

for irrigation, the cistern walls are raised above the roof of the 
tunnel, which involves of course additional pressure upon the 
roof and walls ; but I have never seen bad consequences ensue 
from this arrangement, and by opening the lower holes of the 
cistern any undue pressure could be immediately relieved. 

If it were possible to have invented any more efficient 
system of sluices, it is certain, I think, that the able scientific 
engineer officers of the Madras Presidency, under their con- 
stant supervision of ancient native works, would have invented 
something better, or improved upon the old design. But no 
alteration has ever been made ; and the diagrams which I now 
show from Major Baird Smithes reports, prove that in the 
construction of a new sluice to the Manapaukum tank, near 
Madras, the andent system was adopted. In this sluice, 
each story has two discharge holes, and there might be 
more if necessary. The tunnel and cistern do not difier from 
my own diagram. As I have before stated, it is impossible 
to have any plan more efficient, safer, or more controllable ; 
and from north to south, and east to west of the tank irrigation 
system, no other form is ever met with, whether in the in- 
significant reservoir of ten acres, vnth its sluice of one story, 
or in one of ten square miles, with its tiers of storied sluices 
like the Hussein Saugor. 

Instances of masonry dams to large tanks are not unknown 
About nine miles south-east of the city of Ahmednugger, in 
the Dekhan, a very noble work was begun by the Nizam Shahy 
kings of the Ahmednugger kingdom, in the 16 th century ; but 
owing to the distraction of the State under the Mogul inva- 
sion, it was never completed. The site was admirably selected 
upon a stream which had a catchment supply of great extent, 
about 80 sq. miles, where two projecting spurs left aa interval 
of about three-quarters of a mile. Above this spot there was 
a large plain, \rith a gentle gradient inwards. The works of 
the embankment are about half finished, and consist of a 
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powerful wall of solid masonry, built of cut stoDe, raked with 
a butter of 1 in 6 ; and behind this la an earthen embankment. 
I had occasion to propose the completion of this work, when 
CommisBioner of the province in which it is situated; and 
having surveyed the area, found that the water, by a contour 
level, would have covered about two square miles, while tlie 
greateet depth would have been 64 feet. One can only 
admire the vigour of conception under wliieh such a work wag 
contemplated, and in great part executed; and there was no 
reason whatever to suppose that originally it would not have 
been perfectly successful. 

Another noble native work, of masonry throughout, is the 
dam across the river Boree, which flows under the fort of 
Nuldroog, in the Dekhan, 24 miles east of Sholapoor. This 
fortress was a frontier part of the Beejapoor kingdom, and 
usually held a large body of troops; but the fort being con- 
structed on a high basalt rock, had no supply of water except 
that of the river which ran round its base. To raise the water 
so as to be i-eadily accessible to the garrison, and ensure lui 
unfiling supply, a dam was thrown across the gorge, upwards 
of 300 feet in length, and 72 feet perpendicular, from its 
crest to the pool below. It was of solid masonry throughout ; 
twelve yards in thickness at the top, with a batter to the 
water face of about 1 in 10. It was fitted with sluices at the 
base, in strong archways, which could be opened when silt 
accumulated in the basin, and had two archways at the crest 
for the passage of the ordinary stream. In flood the river 
passed over the crest, and fell in a magnificent cataract into the 
pool below. The dnm has been in existence upwards of three 
hundred years. It was built by Ibrahim Adil Shah I., about 
A.D. 1580, yet not a stone of it has ever been displaced, nor 
has it ever needed repair. 

I may mention also a very noble work, now about 60 yt 
old, which was constructed at Hyderabad by the then Pri 
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Minister of H. H. the Nizam, Meer Allum, to supply the dty 
with water. In its coDstruction an English engineer officer, 
Captain Knssell, was employed, and the design is his own, 
carried out by native architects. Here a masonry dam, 2,640 
feet in length, or half a mile, wae thrown across the bed of a 
tributary of the Moosy river, at a point where two rocky emi- 
nences approach from opposite sides. The dam itself is simply 
a great bridge built on its side, the arches being ellipsos, 
springing from and strengthened by piers, as if it had to stand 
upright. The crest of the dam is only four feet wide, but the 
thickness of the arches and piers is increased by steps (not 
batter) down to the foundation. In the centre the dam is 
about 50 feet high, and the area of water it holds about 1^ 
square miles. A channel or canal from the river Moosy keeps 
this tank always full ; and the water not required for the supply 
of the city is used for the irrigation of rice fields and gardens 
up to the city gates, about two miles distant. The work of 
this masonry dam is so good that it has never required repair, 
and though occasional floods have gone over the crest, not a 
stone has been displaced. I regret that I have not plans of 
this work to exhibit to you. 

I conid multiply the instances of native execution of re- 
markable works, but I have already trespassed very long upon 
your forbearance, and further examples would only, perhaps, 
be a repetition of detmis of earthworks with dry stone revet- 
ments. 

Before I conclude, however, there are some points in con- 
nection with the construction of reservoir tanks which I beg 
lo bring under your consideration. 

One of the weakest points in all Indian tanks or reservoirs 
is the escape weir for surplus water ; and in many instances 
these works have been found to give way, and to have caused 
great loss. The breach of them may be attributed to two 
causes : one, originally defective foundations, which have been 
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uadermined by pressure of water from witiiiii j and another, 
the cutting away of the tail of the apron of the weir by the 
action of flood water passing over it. 

The ordinary escape weir, or ealinguUi (Figs. 11, 12, 13, 
14, and 15, Plate X.), aa it ia called, of native tanks. Is a 
masonry dam at one extremity of the embankment, or in the 
centre, or wherever tlie natural configuration of the ground 
best admits of it. It may be fifty to three hundred feet long 
or more ; and along its crest upright stouc slaba, about six feet 
high, are placed at an interval of about two feet, strongly 
built in ivith the maeoniy. When any flood in the tank is 
subsiding, branches of trees or twigs are woven as it were 
into these uprights, and puddled with clay and soda behind ; 
and thufl extra water is retained of from two to five feet in 
depth. Should another flood occur, this temporary erection 
can be cleared away, or broken in a few minutes, and the 
waterreleased. Below the crest of the weir an apron extends, 
partly of rough stones, partly of concrete, to a length which 
protects the i-ear base of the dam ; and where the foundation 
of the dam has been laid upon rock or stony ground, there 
is little danger to be apprehended. 

When, however, the soil is loose or weak, the greatest pre- 
caution has to be exercaaed ; and of the many trials the form of 
weir which I bring to your notice in Figs. 16 and 17, Plate 
X., has, perhaps, been most successful. The, as it may be 
termed, wave configuration of the crest of the weir has the 
effect of throwing the water upwards at the tail; and meeting 
a second rise of smaller size, its force and impetus are checked 
and weakened, so that the flood passes away without the ex- 
cavating power at the extreme end of the weir, which has 
so frequently proved destructive. As the result of long 
experience, and much patient investigation by engineer officers 
of tank works, this kind of escape weir might possibly be 
found of advantage for reservoirs in this country, particula 
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in caaes where the site of the weir may be aoft, or liable to be 
imdermiDed. 

In no iuatance which has ever come under jny observation, 
have puddle walls becu introduced into nntive tank embank- 
ments. I believe that native engineers or constructors would 
conceive them to be sources of weakness rather than strength, 
as leading to greater dependance on the puddle wall than on 
the entire embankment ; and though this may be an extreme 
view of the subject, I know that they would consider an 
effiiaent consolidation of the entire earth-work of tlie dam, to 
be preferable to any other means of security. The means 
adopted fur consolidation are very simple, and very eiBca- 
(»ous, and might easily be adopted in this country. Every 
portion of the loose earth, as dejrosited, is carefully beaten 
down; and as it usually retiuns some amount of moisture 
in excavation, it binds readily and securely. The earth 
is carried in baskets, and each basketful is thrown down 
by a twist of the basket, so as to be spread out evenly and 
thinly. Bands of men and women follow, who sing in chorus, 
and pound down the earth with wooden rammers, These 
generally have round, or sfjuare flat heads; but I have found 
square-pointed heads more efficient, as serving to beat the 
earth more securely and perfectly together. 

The sluices of native tanks have rarely wing walls to con- 
nect them with the pitching or revetments of the embankment ; 
the walls of the sluice built up from the platform, are indeed 
frequently independent of the revetment altogether. But it 
U safer, I consider, in erecting a sluice, to provide it with wing 
walla, and to unite these with the revetment by concrete. 
( Vide section of sluice, Fig. 6). 

The revetment or pitching of native tanks is generally very 
irregular, and hardly two will be found of which the slope of 
the revetment is equal. In the Hussein Saugor the pitching is 
at a slope of three and a half, or say on an average, three to 
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one, which is evidently too great; and had not the slope 
constructed of huge blocks of stone, built, and tied or bonded 
into each other, like steps, it ia probable much of it would 
have subsided into a rough outline, and at an angle of 
Elsewhere, in moet cases, the pitching hae been 
upon the face of the earth-work at its natural slope of 
to one, and in these instances it has reniatned as it 
constructed. Tliese revetments are invariably built of dry 
stone-work, presenting as rough a face aa possible; for the 
native constructors are well aware of the efficiency of large 
rough stones to resist the action of the waves. A very 
common fault in native pitching is, that instead of placing 
the stones perpendicular to the line of earth, they are built 
horizontally, and are thus very liable to slip when the action 
of the water ensues upon the face of the earth-work. 

In all or most native tanks, the rear slope is much ex- 
tended. Whether the front or water face be one to three, or 
one to one, the rear slope is three to one, or four to one, or in 
many cases even more. As a principle among native con- 
structors, the more the rear slope is spread out the better, 
and experience proves that the principle is correct. 

Breaches that have occurred in tanks, are frequently ob- 
served to have been made at the point opposite to which the 
main stream enters the bed, and this has been attributed 
to the current flood dividing the still water, and rising 
several feet at the point where it impinged upon the em- 
bankment, before it could spread out. I confess, however, 
that I have never been able to establish this point. When 
the great reservoir at NuMroog, which had been emptied to 
clear out the silt, was being filled by a fresh in the monsoon, 
the first portion of the flood, as it touched the dam, did un- 
doubtedly rise in the centre; but, aa a deposit of water 
took place, the force of the current was entirely broken by 
the inert mass of water; and the point of junction re( 
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up stream, leaving the interval between it and the <Iain 
witiiuut any motion whatever until the basin waa full, when 
the water poured over the crest, and the current resumed its 
downward flow. 

Two material points in the erection of earthen dams, which 
sliould on no account be neglected, and wliich, if neglected, 
are certain aourcea of danger, are first, the ensuring an ade- 
quate amount of bank above the highest computable flood ; 
and, secondly, an adequate escajie weir to provide for dis- 
darge in case of any flood when the reservoir is full. To the 
evident neglect of theae two essential precautions, several of 
those terrible accidents which have bcfel English embank- 
ments may be attributed. Now, though I have known native 
tuiks in which the crests of the embankments were, so to speak, 
critically unsafe, although they had lasted for centuries, yet 
the escape web's were very ample, and capable of discharg- 
ing double the cubic contents of the highest known floods. 

Again, I have seen broken embankments in which ample 
provision had been made against rise of water, if the capacity 
offlood discharge had beensufScient; but the small (jtitn ens ions 
of the escape weir have proved beyond a doubt, that, unable 
to discharge a sudden flood, the water had risen to the crest 
of the embankment, flowed over, and speedily made a breach 
in it from behind. 

So far as the safety of the embankment is concerned, 
therefore, the height of Its crest above the high water line, 
and its capacity of discharge of flood water, are far more 
eaeeoUal points than the mere thickness of the embankment, 
which, if the earth-work he well consolidated, is a secondary 
consideraljon altogether; and 1 have often been surprised 
at the thinness of native embankements in proportion to 
their hdght, which had effectually resisted the action of 
water for centuries. It must, therefore, be well remembered, 
that no embankment, however solid, no puddle wall, no 
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nicety of construction, can stand iigiunat water whicli, f 
ing over the crest, or washing that crest away by it« waves, 
flows over the rear slope ; and that in such a caue destruc- 
tion must inevitably ensue, and cannnot be stayed. The 
great aim of the engineer, therefore, should be, to prevent 
the chance of any such contingency, and the means of doing 
BO, are entirely in his own power. 

E^mbankmcnts are rarely known to give way irotn per- 
colation of water, unless, indeed, it becomes great and 
increases to a stream. Even then, by digging boldly upon 
the stream and puddling it witli clay and straw combined, 
the leak may be stopped, Such leaks may occur from the 
burrowing of rats, or in India, of lizards into the earth; 
from defects in the consolidation, or from actually inadhesive 
earth. The junction of the masonry of the sluice with the 
earth-work is always considered an especially weak poiut, 
and in deep tanks is invariably protected by a bed of concrete 
between the masonry and the earth-work. I may here 
mention that the proportions for tank-work concrete in India 
is two nigaeures of gravel to one of strong lime. There 
is, however, one other cause which it is most important to 
consider, and that ia, the presence of stones in the earth- work. 
No honest native constructor in India would allow a stone as 
big as a man's fist to be thrown down with the earth ; should 
any be brought, they are picked up and thrown away. Should 
there be any percolation in an embankment and stones be 
present, the water gets way, as I may call it, round tbera, at 
the same time displacing the earth. Fine earth is homogene- 
ous, and percolation to a certain extent may even assist its 
consolidation, indeed frequently does so ; but earth and stones 
are not homogeneous, and can never be brought to unite with 
that fixity which is necessary to the security of an earthen 
work required to resist water. When I read the official 
reports of the condition of a Yorkshire embankment which 
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bsd burst, my wonder was, not that it had burst, but that it 
lisd ever retted water at all ; tor in it there api>ears to iiave 
been aimost as much rough atone, rubble, and shale, as there 
mw earth. 

1 think, however, as I am uot a civil engineer by profeasion, 
I need to intbrm you whi^ncc my expeiience in tank embank- 
Dienu was derived, in order to establish any confidence I may 
tlwrve from you, and to obviate any impressiou tliat I have 
derived my inibmiation at Becoud haud ; but whatever I have 
stated In this lecture has been the result of practical observa- 
tion and experience. I was at one time of the period of 
my Indian service, Political Superintendent of an independent 
native state called Shorapoor, the Kajah of which, a minor, 
was under ihe protection of the Government of India. A 
B^ent had been appointed after his father's death, but soon 
afWr died, and I was directed to administer the affairs of Ihe 
itegency myself. The country was about equally divided 
between granitic and black soil, and in the former were several 
good tanks in working order, and some, of which the em- 
bankments were broken. The State bad fallen almost into 
ruin ; but the revenues Increased rapidly, debts were piud off, 
and under a titling economy, a surplus began to accrue. An 
officer in India, in the situation I held, though he may not be 
a profesaional Civil Engineer, yet if he desires to be useful, 
and to benefit bis district, lie should be able to survey, lay 
out, and construct a line of road ; make or repair a jail or 
court-house ; submit projects for bridges and culverts, irriga- 
tion clianncla, and other necessary works ; and these projects 
have to be tested by professional engineei' officers before they 
are sanctioned. When, therefore, the Shorapoor State could 
afford the outlay, I began to propose such projects, and to 
execute works of a moderate cost under my own responsibility. 
I was especially interested in works of irrigation ; for I had 
daily proof, in the demand for lands that could be irrigated. 
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of their value to the farmers, &nd their evibanaed \ 
Stat«. Lands which let for a shilling an acre, or less, for Ary-^ 
crops, were worth 15 ahillinga for water crops. I therefore 
studied the theoretical part of the subject, aa far as English 
data would carry me, which I confess was not very far ; and 
soon found it was better to go to the native constructora 
for practical working experience. 

After several repairs of tank embankments, which i 
invariably Buccessfui, I determined to try some work i 
larger scale. Seven milea from Shorapoor was a tank at » 
village called Bohnall, about half a square mile in area, or say 
350 acres. It irrigated a garden of the Rajah'a, and some 
rice grounds. The embankment was fabulously old, and was 
a fine piece of earthwork faced with stone, the greatest height 
36 feet. It was 620 yarda long, and terminated in an escape 
weir built upon a rocky piece of ground, which rose from the 
water, and continued for a abort distance northward. As the 
water in the tank could not rise higher than the crest of the 
escape weir, and when full, etill left 18 feet of the old embank- 
ment uncovered, I determined to lengthen the embankment 
and nuse the escape weir ; for the area of the water-shed of the 
email weir which supplied the tank waa 90 aquare miles, and 
the amount of water which ran to waste very considerable. I 
therefore took levels of the ground to the north, following a 
alight natural ridge, which, being bard ground, afforded an ad- 
mirable foundation ; and having connected these with the level 
of the end of the old embankment which rested agiunst a. hill, I 
found I should have to add 1,100 yarda to the old bank, and 
to raise the escape weir 12 feet, which would leave a dift'erence 
of six feet from the high water level to tlie top of the old 
embankment. The construction of 1,100 yards of new earth- 
work was, no doubt, a considerable undertaking ; but it nowhere 
exceeded 30 feet in perpendicular height, and therefore was 
not very formidable. Having prepared my plai 



OK CIVIL ENGINEERS UF IRELj 




afthe work, tbey were submitted for the opinion of Colonel 
Edward Buckle, then auperin tending engineer, at Hydembat], 
from whose kind professional suggestioDs and directions I had 
tefgre derived much afsisiance. My jilane were approved of, 
and fin^hwith put into execution. The work vma finished in 
sjear, 1850, during the drf weather; and ite first trial was a 
vary severe one. At the opening of the Monsoon, when the 
buin was very partially filled, a fall of four inches of rain in 
oae night completely flooded the tank. A portion of the new 
wrk, of which the crest of the stone pitching was not quit* 
complete, was in danger for a short lime, owing to the really 
knty waves which beat on it ; but bundles of straw, with 
Wimea and gabions hastily made, saved the dangerous spot, 
*Dd the work was safe. I have since heard that no part of 
rt has ever required repair. The area of water, according 
to contour level and survey, proved to be upwards of l,7(Kl 
^ea, or very nearly 2 j square miles ; and taking the average 
depth at five yards, of an area of 8,228,000 square yards, the 
result is 41,140,000 cubic yards of water, which was stored 
for use, instead of, for the most part, running to waste. 
Subsequently, this tank was still further enlargecl ; a. low 
ridge at the south side was cut through, and water admitted 
to another valley, across which an embankment about 200 
yards long and 36 feet high was constructed. This reservoir, 
which was about 100 acres in extent when full, filled easily, 
proved perfectly secure, and the Bohnall works were com- 
plete. I hear also occasionally from native friends at Shora- 
poor that no repairs have since been required to them. 

Neither of these new embankments had puddle walls ; but 
the earth was well tamped, and the paasage of the cars 
carrying stone for the pitching of the water face added 
usefiilly and effectively to its consolidation. 

Encouraged by the success of the BohnaU works, and by 
the material increase of revenue which ensued from them, I 
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projected a much larger reservoir in & Tollcy to the westwi 
the village of Kuchuknoor, about two milea from Bohn 
and separated from it by a range of low hills. Through I 
valley ran a stream which carried off the drainage of a cat 
ment of about 200 square milea. The site I selected for ) 
embankments was one in wliich the natural advantages 
very great. Two ridges of ground approached the stra 
&om the opposite sides of the valley, falling northward i 
southward, but with a greater slope into the badn to 
north than on the south side; and the contour level shoit. 
that, except in the centre, the earthwork of the embankm 
would be comparatively light. The dam would be 5,700 fee 
length {Fig. 18, Plate X). At the east end, the ground I 
cUned from a sheet of solid granite at the surface, to i 
stream ; and taking this as the high water line, the level v 
carried across the valley to the opposite side. This lei 
ahowed that the depth of water in the centre would be | 
feet, and the embankment was decided to be 70 ft 
perpendicular, leaving 10 feet above high ivater line, for t 
crest of the embankment. Fig. 19 shows the section of t\ 
portion. 

A contour level taken from each end of the proposed c 
bankment showed an area of 5^ square miles of basin, tl 
proving the extent of the natural depression behind the rid) 
I selected. Cross sections of the basin were taken in six plae^ 
which afforded an average of a Httle more than 21 feet of wal 
storage. The ba^ui, therefore, would liold about 113 millios 
of cubic yards of water, which, with allowance for evaporatio 
would irrigate not less than 10,000 acres of land. 

The ordinary rainfall in the Dekhan may be taken at i 
average of 30 inches, though it has been even less tor a si 
cession of years. Allowing, therefore, for absorption ai 
evapomtion, the residue computed was twelve inches, wliich, i 
an area of 200 square miles, that is, on 619,520,000 squa 
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yards, would give a result of 203,140,000 cubic yards of 
supply, which greatly exceeded my requirements; and it was 
evident that a very large waste weir would be necessary. On 
this point, however, there was no difficulty, as the fiheet^rock at 
the east end of the bank, from whence the highest water level 
had been taken, was very lightly covered with soil, and con- 
tinued perfectly level for several hundred yards. This rock, in 
fact, formed in itself a natural escape weir, only requiring a 
slight masonry crest two feet high to correct the level. As in 
the Bohnall tank, the native constructors proposed the sections 
of the earthwork to be as follows : — The top of the bank to be 
equal in breadth to the perpendicular height, with a slope of 1 
to 1 in front, and 3 to 1 in the rear; and these proportions to 
be continued throughout. This is nearly or quite the principle 
of the sections of the Hussein Saugor bank, and appears to 
me the traditional dimension of all native earthen banks. I 
give this section drawn to scale, for the highest portion of the 
Kuchuknoor bank, that is, in the bed of the stream. Fig. 20. 
My deepest section in the Bohnall work had, however, stood 
so well that I determined to preserve the same proportions, 
that is, 30 feet at top, with a slope of 1 to 1 in front 
and 4 to 1 behind. Thus at the base, my bank at the highest 
point would be 70+30 = 100 feet for front, and 70 X 4 = 280 
feet for the rear slope, the total of the base being 380 feet. 
(Fig. 19.) The native plan would have given 70+70 = 140 
feet in front, and 70 X 3 = 210 for the rear, or 350 feet in all, 
(Fig. 20.) 

The Kuchuknoor work was entirely approved of and sanc- 
tioned, no alteration of any kind being suggested by the 
confirming engineer. Col. Buckle, either in the plans or speci- 
fications. I therefore commenced it in 1851. Three of the 
four sluices, one of one story and two of two stories were com- 
pleted ; the third sluice of three stories, with double apertures 
of discharge to the two lower, was in hand. The masonry 
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foundation for the bed of the etream was laid, and the 
work, which had been commenced eimultaneouBlj from 
ends, W&9 more than half finbhed, when, id 1853, the Raja 
came of age; hia country was made over to his own manage- 
ment, and I was withdrawn to the charge of another and ini 
extensive province. The project of tliia tank had always b( 
a favourite one with him, and there were ample funds for 
completion. He had watched the execution of the work with 
the greatest interest, and the water wouSd have added at leaat 
Prom 50,000 to 75,000 rupees a year, £5,000 to £7,500, to his 
income. He promised faithfully to complete it ; but after 
going on partially with the work for a year, he fell into bad 
hands, and was mined. Tlie works, therefore, remain incom- 
plete. About the earae time, or a little afterwards — 1851 — I 
Bubraitted specifications for two other large tanks 
One, at the village of Sirwall, would have had an area of 
square miles, or 1,060 acres, the length of bank being l,2i 
yards, or 3,705 feet, and its greatest perpendicular height 
feet. Another at the village of Jewurgi, with a bank 1,262 
yards long, the greatest height of section being 35 feet, the 
area of water being about 1-^ square miles, or 9G0 acres. I 
need not, however, go into any dettuls of these works, 
were planned on the system already described. These embanl 
ments were also put in hand, and that at Sirwall about ti 
thirds completed, when, as I have said, they were left to 
finished by the Rajah. The Province of Shorapoor is now 
property of His Highness the Nizam ; but I fear there is little 
hope tliat any of these works will be completed, though there 
is nothing to prevent them being carried out to 



In my new province, I submitted several projects 1 
L tanks to Government as part of a system for the interceptio 
Wii{ the drainage of a range of hills which was running 1 
Iwaste. Of these, two were put in hand, one of which v 
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completed. The other, at the town of Tooljapoor, was of con- 
siderably larger size, about half Bniabed, when the mutiny 
broke out, and all jrublic worka in India were stopped. 
The dam would have been 1,000 feet long, and the 
greatest perpendicular height of bank would have been 
52 feet in the bed of the stream, and the greatest depth 
of water 42 feet. There woidd have been one sluice, of two 
storiea, for irrigation, to discharge 32 feet of water. The area 
of water, when filled, would have been about 300 acres. 
Many other projects, some of a much larger character, had 
been submitted, and were under consideration when the 
mutiny broke out. The works were never resumed, for, in 
1860, the province, under a new treaty, was retransferred 
to his Highnese the Nizam's Government, and it is hardly 
pi-obable that tlie works have been continued. 

Such, gentlemen, has been my personal experience in the 
construction of tanks or reservoirs with earthen dams ; and it 
is from these worka that I derive the practical experience 
which I have endeavoured to convey to you. I do not think 
there is any other point in connexion with the subject on 
which, at this late hour, I could venture to detain you; but, 
should there be anything that I have overlooked, I shall be 
happy to supply it to the beat of my ability on a future occasion. 

It seems to me that, under the fast growing requirements 
of Great Britain for the storage of water for the use of towns, 
mills, and other purposes, this branch of hydraulic engineer- 
ing will be greatly extended ; and in the study of details of 
pracUenl execution, the tank works of India, which are, I 
think, very little known in England, are in all respects well 
worthy of your study and imitation. Above all, many most 
useful hints may be obtained from the most ancient of the 
great works of Southern India, which, I think, would simplify 
present English modes of construction, both of embankments, 
and their necessary adjuncts, waste weirs and sluices. 
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While, under proper precautions, there is nothing simpler, 
safer, or more durable than an earthen bank to retain water, 
so, on the other hand, under defects of foundation, construc- 
tion, and design, there is nothing more perilous in the thickly 
populated localities of Oreat Britain. 



Postscript — Some observations upon the details and dia- 
gram of this paper having ensued, at its conclusion, I am 
induced to offer a few remarks upon the relative proportions 
of English and native dams with reference to their resistance 
of water pressure. 

The form employed in English works, is in section a 
pyramid, with sides at a slope of three to one, front and rear ; 
the roadway at the top to represent the puddle wall. Thus, 
for a perpendicular height of 50 feet, the base would be 
50 X 6 = 300 + 20, or whatever the centre puddle wall 
roadway might be. The native proportions have been already 
explained at page 55. 

The English form exposes a very large proportion of the 
water face to the active pressure of the water; and, it is 
assumed, that this pressure has a consolidating power on the 
earthwork. My own impression is that it would be a dis- 
turbing one, and is therefore to be avoided; and that in place 
of additional earth-work on the water face, it would strengthen 
the bank more materially to add it behind on the native 
system. As I have stated in this paper, the object of native 
tank constructors in India is, to avoid downward, or disturb- 
ing pressure of water upon earth- work as much as possible; 
and this is exemplified in the section of the Hussein Saugor 
dam, the front face of which is on an average slope of one 
horizontal to three vertical. Nor, in any deep tank with 
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which I am acquainted, has the slope of the earth in the 
water face, exceeded one to one, or 45 degrees. 

Under these circumstances I submitted diagrams of both 
sections, that is English and native, to Professor S. Haughton, 
of Trinity College, and have to acknowledge his courtesy in 
the result which he has given, and which, in a scientific point 
of view, cannot fail to interest all engineers engaged in con- 
Btructing dams for reservoirs. Under permission from the 
Professor, I subjoin his calculation : — 

WATER EMBANKMENT. 



*^ Confining attention altogether to the danger of an acci- 
dent like that of the Bradford Keservoir (caused by the slip- 
ping of the embankment), we have the following results : — 

h = depth of water. 

b == length of base of inclined plane. 

I = length of face. 

1. Horizontal thrust of water = ~ 

Vertical pressure of water = — 

" The horizontal thrust is independent of the slope, and the 
vertical pressure must be added to the weight of embankment 
m estunating resistance to slipping." 



I. — INDIAN EMBANKMENTS. 

a. Resistance due to bank. 

70 (^ + 30 + ?|2W 2J = 39,462-5 

6. Kesistance due to water, 

^Q;6Q = 1,8000 

41,262-5 
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ENGLISH £UBANKHENTS. 

a. Resistance due to bank, 

70(210 + 20) X 2| = 44,275 

b. Kcaistance due to wnter, 

60 X 180 

2 = 5,400 

49.675 

" The horizontal force displacing the dam is, 

" If both dame were water-tight throughout, the English 
would excel the Indian in proportion of 49,675: 41, 2625 
but in practice the English dam ia water bearing up to the 
puddle wall, and therefore the water pressure must be re- 
garded as applying directly to that wall, so that half 
embankment next to the water offers no resistance to 
horizontal thrust. The resistance of the English dam is thei 
_ fore reduced to half its solid element — viz., 

^MI_5 _ 22,137-5 

and is little more than half the resistance of the Indian df 
if the latter can be regarded as water-tight throughout, 

" The preceding calculation shows that it is impossible to 
regard the water as consolidating the dam in any case. Ita 
consolidating effect is measured by the vertical pressure, 
r which is inconsiderable, being J 

In Indian dam, 1,800. 1 

In English dam, 5,400." ' 

In reference to the foregoing result, therefore, it appears to 
' me, clearly demonstrated that the traditional steep pitch of the 
water face of an embankment was not without scientific foun- 
dation ; and that the elongated slope of the English section 
does not, in fact, add to its strength, unless the principle of 
construction be altered. 

M. T. 
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I)E8CSIFriOS of a 1*0 TOS CRANE, 60' HIGH, 31' tt" SWEKP 

(Plate XI) 
By \V. Anderson, PresklcDt. 

Before conunencing the construction of the Conway and 
. BritanBia bridges. Jlr. Stcplienson instituted — under Mr. 
f^oirbaim'a directions — a series of experiments, the fruit of 
^lich is most of our present knowledge of tho uatui-e and 
pwpertiea of wroiiglit-iron girders, composed of plates united 
■lyriTeting. Since that period ihe use of wrought-iron for 
ooaatmctive purposes has increased very much, and Mr, Fwr- 
iftirn himself, seeing the strength and nudity which could be 
imparted to tubular structures, patented their application to 
tbe curved jibd of cranes, and applied liis invection extensively, 
boldly, and aucccsafully. 

Cranes of ordinary proportions, with curved jibs, will raise 
boUiy articles to a greater lieigbt than those constructed on 
the triangular, or direct tension and thrust system ; but they 
are more costly, and difficult of transport and erection, espe- 
cially in distant lands. Where, however, tlie height of a crano 
ia very great, compared with its sweep, tlie curved tubular 
form pogsessee great advantages over every other. Such an 
instance it ia now proposed to bring before the Institution. 

The Russian Government required for their dockyard at 
Kicholaeff, in the Black Sea, a crane to lift *20 tons with a 
sweep of 31 ' 6", and a height of 60 feet, and after proposing 
several forms, the author was instructed to construct one on 
the curved tubular system. It will not be necessary to occupy 
the time of the meeting with a theoretical investigation of the 
sbfuna developed in the various parts of cranes of this 
description; those who may have occasion to look into this 
matter, will find it ably treated in our Honorary SecretM'y's 
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work on the " Theory of Stmns," Vol. i., pages 74 and 121. 
Neither will all the minute diTiienaiona be given now, aa 
these will be found in the plates accompanying the paper. It la 
proposed to describe the general arrangement and construction 
only, and to point out some of the more important peculiarities. 

The crane consists of a bent wrought-iron girder pivoting 
at the bottom of a well of masonry, and rolling near the 
ground line in a cast-iron ring, through the intervention of 
" live rollers." The hoisting gear is bolted directly to the 
back of the crane, the chain paaaing over and outeide the jib 
to the aliieve in its head, thence to a falling block, and back 
again to an anchorage in the jib. The turning gear Is of the 
ordinary kind, being a train of wheel-work, gearing into an 
annular spur-wheel bolted to the roller-path. 

The footstep of the crane is of cast-iron let into masonry ; 
in it, on a steel lens, turns the wrought-iron toe, which is 
forged with a stjuare head fitting loosely into the lower end 
of the crane girder, and held laterally by eight keys, by means 
oi' which it is set truly to the axis of the crane. The vertical 
weight is carried by a gib and key passing tlirough the centre 
of the ^rder immediately over the toe block. A recess i 
provided in the masonry to allow this key to be withdrawn, i 
that the toe-piece may be pulled up inside the girder for e»! 
aminatlon or repairs, or any downward wear of the footst^J 
may be compensated for by driving up the key. The eighn^ 
keys by which the lateral adjustment is obtained, have all^ 
strong gib heads to faciiita,te their witlidrawal. Steps i 
riveted inside the girder, and manholes arranged, so that" 
easy access may at all times be had for oiling and examination. 

At the surface of the ground is a cast-ii'on roUer-parh held 
down by eight foundation bolts which penetrate to hand- 
holes opening into the bottom of the well, where their ew 
are secured by keys to caat-iron washers. To the lower ii 
tcrnal flange of the roller-path are fixed eight small rollers o 
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which travels a wroitght-iron " live-ring," set with sixteen 
spindles, on to which are dropped the cast-iron " live-roll era," 
interposed between the roller-path and the circle bolted to the 
crane-poat. This arrangeinent of live-rollers is very superior 
to the ordinary system of confining them between two rings, 
as any one of them ean be removed without disturbing the 
rest; the author ia gliwl of the opportunity of acknowledging 
his obligation to Mr. Stoiicy, from whose 30 ton crane on 
the South Quay this device was copied. 

The roller-path or circle bolted to the crane-girder, does 
not, as is generally the case, encircle it completely, but is 
carried roimd a little more than half the circumference. The 
section at the front, through which the greatest pressure is 
transmitted, has solid sides strongly ribbed, the two side- 
eegmenta are lighter, and cast with open arras. 

An annular spur-wheel, serving as a fulcrum for pivoting 
tiie crane, is bolted to tlie top flange of the roller path, and a 
CMt-iron chequered foot-plate is bolted to the crane girder, 
covering the annular wheel and revolving level with the ground. 

The pivoting pinion is keyed on the lower end of a short 
vertical shaft, working through a brass bush let into a broad 
cap or disc, bolted to the back foot-plate, the hole in which 
is lai^ enough to enable the pinion to be withdrawn through 
it when the bolts of the disc are removed. The upper end of 
the vertical shaft carries a bevel wheel, geared into by a 
pinion keyed on the handle shaft, the whole supported by a 
■wrought- iron bracket riveted to tlie back of the crane 
g^er. The ratio of power in the turning gear is as under: 

Annular Wheel. Bevel Wheel. 

Iff* teoUi 2" pitch 68" diam. X a2 teeth )J" pilch 2B'a" diain. gg.j 

Pinion 12 teeth X Pinion 12 teeth ~ 1 

that is, it requires 66^ tui'na of the handle to make the crane 
turn once round. 



170 tkansactionb of the institution 

The hantUc-sliaft of the hoisting gear worts in pedestals 
bolted directly to the back of the crane, and its pinions engage 
on one side, into the second motion, and on the other into the 
third motion wheels, or may be placed out of gear with either 
if it is desired to lower by means of the break. The second 
motion shaft ia carried through the sides of the crane-girder, 
and its pedestals rest on cast-Iron brackets bolted to them. 
Outside the pinion of tiiia shaft is keyed the .break wheel, 
actuated by a wood-lined strap; the fulcrum of the lever by 
which it is actuated being a cast-iron cone, bolted to the side 
of the crane. 

The third motion shaft is carried in pedestals bolted to tlie 
back of the crane, the pinion end being overhung to meet tho. 
large chain-barrel wheel, the pedestal at this end being fixed 
to a wrought-iron bracket, strongly braced to the crane side, 
and carrying also the ratchet and pall aiTangement. 

The chain-barrel la four feet in diameter, with a spiral 
groove to take 130 feet of 1^'' chain. It ia staked with four 
keys at each end on a shaft ivorking in two cheeks of 2" 
plate bolted to the back of the crane post, and having cast- 
iron jaws, for the reception of the brasaes, riveted on; the 
main apur-wheel is also staked with four keys on to itfi shaft. 

The barrel ia made of large diameter, in order to accom- 
modate all the chain in one coil, nothing being more objec- 
tionable than the practice of allowing two or more layers of 
chain to coil on each other. The method of staking heavy 
wheels with four keya ia not sufficiently known or understood. 
It is very difficult to insure a good fit between a bored wheel 
and turned shaft when these are large, and if the fit is good, 
the momentum of the mass offers a serious difficulty to 
driving one on to the other, and above all, if repaira have 
to be executed, after the machinery haa been some time 
at work, it is extremely difficult, frequently impossible, to 
disunite them. 
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By casting the eye of the wheel considerably larger than 
the ahaf), and cutting four key-ways in it to correspond 
irith key-flats on the shaft, and then staking the wheel 
truly by fitting in four keye, it ia always easy to move 
them, and to get the wlieel on or off its shaft. Should the 
Bpace on one side of the wheel be so confined that the ends 
of the keys are not easily accessible, these shoidd be driven 
in pairs from opposite sides, that is, two keys at right 
angles to each other should drive from one aide, and the 
other two from the opposite side, by which means the keys 
can be tightened or loosened by driving from the same side. 

Such a case presented itself in the chain barrel wheel, 
and the keys have been arranged accordingly. 

The keys that secure the chain barrel to the shaft are 
eight in number, and disposed so that the four at one end 
are 45" to one side of the four at the other, in order that 
if it ever became necessary to remove them, they could be 
driven out by a drift through the opposite eye. 

The chain is carried over rollers, outside the curved jib, 
to the 24" shieve in its head, and so contributes to the 
strength of the tension flange, which is not the case where 
it is carried up inside the jib. The falling block is made 
with massive cast-iron sides, so as to give it weight enough 
to overhaul the chain. The ratio of the hoisting gear is aa 
under: — 



SINGLE PUSCHASE. 

■whetl (ylChain Ijair'l wheel, 




X liiniou 12 teeib, X pimou 12 tc 
I — 5 X y falling block = — j 1 
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Hoisting 20 tons with the double purchase, six men would 
therefore require to exert a force of 20^ lb. each on the 
handles, or, allowing ^ more for friction, which is not too 
much for a large crane comparatively seldom used, the work- 
ing pressure may be taken at 25 lb. per man, which, with the 
single purchase, would be competent to raise five tons. 

The bottom of the curved crane girder, 15' 6" below the 
level of the ground, is 18" square. It expands upwards for 
13 feet till it becomes 4' 6" deep and 3'9"wide; it then 
rises Tcrtically, and with parallel sides, 17' 6" above the 
ground where it commences to curve and taper to 18" square 
at the head. The convex and concave curves are both struck 
with a radius of 47' 10", the centres being 4' fi" apart. The 
sides of the girder are composed of g" plates, joined by narrow 
covering stripe, and each of the flanges of two layers of J" plate 
connected to the sides by means of 3" x 3" X i"- angle iron. 
At the level of the roller-path the sides are stiffened by angle-' i 
iron with cross liraces between them. The total length of J 
the ^rder is !)0' 6"; it was sent to its destination i 
pieces of nearly equal length. Owing to the great heigtd 
of the crane, there is danger of its being overstnuned bjti 
dragging loads towards it from a distance, to guard agt 
which a cast-iron plate has been fixed on each side conta 
a warning, in the ^Russian language, that side-pulls should b 
avoided, and the heavy liJta made vertically. The 
strain under the full load is five tons per square inch of net 
area in tension, and four tons on the gross area in compre 
sion. No account has as yet been received of the perforinanoi 
of the crane. 

The finished weight of the crane is as under: — 
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Boiler-maker'a work, - ■ - 17 12 9 

Caetings, 11 3 2 20 

Foi^ngH, 1 6 2 21 

Total weight, ■ ■ 30 2 1 24 

The price deliyered alongside ship in London, 

was £1,180 3 



[December lltb, 1867,] 

ADDRESS. 



W. ANDERSON, President, 
Gentlemen, 

It is with no ordinary emotiona that 1 return once 
mote to the city in which my professional career commenced, 
to address you from the chair which has been occupied by so 
many distinguished engineers, and to which your unmerited 
Bulfrages have raised me. I cannot but teel that the 
distinction you have conferred is due more to tlie sense 
you entertain of the interest I have always felt and 
evinced in this Institution than to any professional merit I 
poBBesEi. The election you have made is perhaps more 
remarkable on another score — namely, that I am the first 
purely mechanical engineer whom you have raised to the 
President's Chair, and on that account I have thought it 
desirable to confine the observations I have to make more 
particularly to manufacturing and mechanical sciences than 
to the broad and comprehensive surveys of civil engineering 
which have marked the addresses of my predecessors. I will, 
however, preface my remarks by dwelUng for a moment with 
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pride and thankfalneaa on the peace and prosperity that haa 
iallen to our lot since we liave enjoyed the hospitality of this 
noble College, which has extended to us the liberal and 
enlightened encoumgement that most foreign learned societies 
derive from their Governments, I fear that it is too much 
the custom of members of our profession to hold lightly the 
efforts of those who associate themselves, as we have done, 
for the purpose of registering our achievements, and eub- 
mitfang tliem to the analysis of pubhc discussion. Such 
feelings are not only ungenerous, but injurious to those who 
entertain them: firstly, because the record of completed 
works is the most valuable guide to the engineer, a guide to 
which those who will contribute notlilng themselves do not 
scruple to fly when occasion requires it ; and secondly, 
because the preparation, reading, and discussion of papers 
are the beet possible means of acquiring habits of accurate 
thought and intelligent study. Bacon has said that " reading 
makes a full man, writing an exact man, and speaking a 
ready man." An engineer ought to poaaeaa all these 
qualities; and I appeal to your experience whether a man, 
though gifted with talent of high order, with competent 
education and great industry, is still but imperfectly fittedl 
for his profession unless he has also acquired the habit oT' 
expressing his ideas clearly and fluently in public, and th$ 
power of committing them to writing with facility and grace. 
But these desirable accomplishments can only be attained by 
constant practice — the best, often the only, field for which, 
before they are called into actual use, is iu the meetings of 
societies such as ours. How often have we seen men 
of known ability make themselves ridiculous and lose th^ 
client's cause in giving evidence before juries and Farlia- 
jnentary committees; how often, on the other hand, have 
men of inferior talent acquired undeserved renown simply by 
graceful elocution and reiidy wit. I would earnestly counsel 
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the younger members of tlie Inatitutlon, and especiftlly the 
students of the Engineering School, Dot to neglect the 
Ojiportunitica our general meetings afford of acquiring the 
nrt of public speaking and writing. They will certainly, at 
no distant date, feel the benefit of the labour thus bestowed, 
and reflect with gratitude on the powers here acquired when 
they face with calmness and credit the searching, often rude 
and intimidating, examination of counsel, or the criticiBra of 
rival engineers. I am glad to find that the last two sessions 
have been fully occupied, that many interesting and in- 
structive jtapera have been read, and from the works 1 see 
carried on In this country I am justi£.ed in anticipating for 
this session similar full and profituble employment. 

The melancholy duty falls to me of recording the death of 
one of our Honorary Members — the Earl of Rosse. Time 
will not permit me to say all that crowds into my mind at 
the recollection of a man who has achieved a world-wide 
reputation. This is, indeed, of less consequence here, 
because I am satisfied that every member of this Institution 
ia perfectly familiar with the eminent services Lord Kosse has 
rendered to astronomy, mechanics, education and other 
blanches of social science. When I reflect upon the patience, 
perseverance, mechanical ingenuity and skill he exhibited in 
the construction of his great telescope, I cannot help feeling 
regret that his rank was so exalted, and that he was not 
obliged to apply his rare talents to the profession of which 
we are members. What losses has the world not sustained, 
what furilier fame might he not have achieved, la a tlienie of 
r^retful contemplation. We must only be thankful that 
we can claim him as a native of Ireland, that he was content 
to dwell on his ancestral acres, and to make the village of 
PwBonstown as familiar to the scientific world as the name 
of the great city in which I now address you. 

An industry in which Ireland has very successiully 
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engaged is paper-making. Within the laet few 
considerable progress baa been niadc, not only in the 
treatment of well-known raw materials, but in the introduc- 
tion of new ones. Paper may be regarded as a " felt " 
pure woody fibre, obtunable from a great variety of plaid 
■which may be classed as follows : — 

1. Forest timber, from which the fibre is obtMned by 
grinding. 

2. Plants, such as cotton, in which the fibre is developed 
pure. 

3. Plants, such as hemp, fiox, palmite, &c., from which t 
fibre may be obtained by maceration. 

4. Plants, such as the cereals, esparto, hal&, &c., from 
which the fibre is obtained by boiling in solutions of caustic 
Boda. 

I am not aware that the manufacture of wood-pulp has yet 
been introduced into Ireland; yet, I think, there are many 
situations where it could be applied with advantage. The 
process merely consists in pressing short blocks of wood 
against a rapidly revolving coarse grindstone, a stream of 
water, flowing over the stone, cames away the finer particles, 
while the chips and splinters are replaced upon the stone. 
The pulp is next strained through revolving cylindrical wire 
sieves, which separate the fibre ground suffidently fine from the 
coarser stuff, which is re-ground between stones, arranged 
much as in flour mills. The resinous and otlier soluble 
impurities of the timber are washed away by the large 
quantity of water used, and pure fibre remains without the 
£ud of any chemical treatment. The white woods, such as 
willow, aspen, poplar, lime, and deal, yield a pure white pulp 
that does not require bleaching to make white paper. Woo^ 
pulp cannot be used by itself, but must be associated in t 
ratio of from 50 to 80 per cent, with stronger materials. 

Mills for the prodiiL'tion of wood-pulp have been establish) 
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nith great Bucceaa in Sweden, Gennany, and other parta 
of the Continent ; and in many situations, by no means rare in 
Ireland, where water-poiver and timber are abundant, and 
labour cheap, but where cost of carriage makes coalg and 
chemicals dear, wood-pulp will be found a profitable manu- 
facture and find a ready market among our numerous rag 
paper mills. 

Cotton, and the produce of the hemp and flax plants, 
preBent themselves to the paper-maker cliiefly in the form of 
rags, sailcloth, cordage, tow, and waste. These matciials ai'e 
already partijilly prepared and require very slight boiling in 
alkali to get rid of grease and othei- impurities before tliey are 
fit for converting into pulp. Their manipulation is well 
anderstood. I would merely remark that in dealing with 
new plants it Is well not to overlook the fact that simple 
retting or maceration, with 8ub8e(iuent scutching, will set free 
the fibre quite as well as the more costly process of boiling in 
caustic soda. 

The straw of the cereals and esparto contains from 40 to 50 
per cent, of available woody fibre, which can only be set free 
by boiling in a solution of caustic soda. This operation for 
all cereal straws is best performed under a pressure of about 
801b. per square inch, and in steam derived from the solution 
itself, BO that during the 8 or 9 hours the boiling continues, 
the strength of the Hquor should not vary. Paper made 
&om straw so treated looses the harsh and glossy appear- 
ance that straw papers generally possess. 

Esparto and the allied grasses are best, boiled for about 
four hours in open caldrons and by injected steam. With 
utlier material the proportion of soda ash used is very large, 
irom 16 to 2b per cent, by weight, and there results a dense 
black liquor which requires to be carefully washed out ; and 
which, if discharged into rivers, is apt to destroy animal life, 
and be lashed into thick foam by every weir or water-wheel. 



178 TBANSACTIOire OF THE INSTITUTION 

emitting in svunmer a. very unplensant amell. Within the 
last few yeara many attempts have been made to get rid of the 
" black liquor." Some by chemical re-agenta have tried to 
destroy ita colour and noxious properties, but without any 
Bucceaa. Others have simply evaporated tlie greater part 
of the liquor, and by incinerating the dry residue have 
recovered a considerable proportion of the soda, in the form of 
impure carbonate, which, however, is again aviulable for 
use after being rendered caustic by the addition of lime. This 
process, however, is very costly, as one ton of straw requires 
about 12,000 gallons of water to wash it thoroughly, and such 
a volume cannot be evaporated by less than 5 tons of coals, 
■worth about £i; about 3 owt. of soda would be recovered, 
which would thus coat 279. per cwt. for fuel alone, the price 
of fresh aoda being lOs. 

The importance of thia subject was forcibly brought under 
my notice through the stoppage of the Stowmarket Paper- 
making Co.'a Mill, in Suffolk, by an injunction of the Court 
of Chancery, for pollution of the small stream on which 
it stands. It became indispensable to purify the refiise; 
the firm with which I am connected was intrusted with the 
task, and after visiting several milla, both in Great Britain, 
and the Continent, where apparatus was in use for the 
evaporation of " black liquor," it occurred to us that while 
a great deal of ingenuity had been expended in reducing 
the cost of evaporation, no attempts had been made to 
diminish the quantity of liquor to be operated on. We 
therefore instituted some experiments on stmw pulp, and 
abandoning in succession exhaustion, steam, and hydraulic 
pressure, at last perfected a machine in which the pulp 
was passed in a continuous sheet between 3 pairs of rollers, 
and succeeded in expressing all but about ^ per cent, of the 
soda-bearing liquor, and so iar cleansing the pulp that further 
washing became uniiueeseary. By thia means only 2,000 
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galloDB of " black liquor " was produced to each Ion of straw, 
and the cost of the recovered soda ash reduced to about £6 
per ton, fully 80 per cent, of the soda uaed being recovered. 
It does not appear that the soda thus used over and over 
agun deteriorates in quality, although patents have been 
token out to remedy this theoretical evil, which, after consider- 
able experience, I have not found to exist. 

Esparto, and the allied grasses, are very much easier to 
treat, as the boiled graaa simply pressed in mass yields up 
most of its black liquor, so much so that it may be bleached 
without previous washing; but still, I think, a more regular 
and eatisfaetory result will be obtained by breaking the grass 
in an ordinary washing machine, and then passing it through 
the roller macliine. 

By adopting the process above described, and by construct- 
ing settling ponds to catch the solid refuse of the machine, the 
Stowmarket Mill was enabled to resume work, with the 
agreeable result tiiat the injunction which had appeared 
certain ruin, was the cause of enhanced profits. At the 
present moment there are paper-makers in Ireland who cannot 
use straw on account of polluting the rivers on which their 
mills stand. I trust that it may be useful to them to know 
that a moderate outlay will not only enable them to use 
a cheap and excellent material of native growth, but will add 
considerably to the economy of the process. 

There is one other substance from which paper, or rather 
parchment, can be made, and that ia the fibrous portions of the 
hides of animals, under the patent process of Captain Brown, 
B.N. This gentleman, possessed of rare inventive faculties, first 
came into public notice many years ago, as the inventor of 
the beautiful process of manufacturing seamless cartridge 
papers now in operation at the Boyal Arsenal, Woolwich. 
That process consists in sucking a layer of paper pulp on to 
flannel moulds, drawn over perforated pipes, in which a partial 
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.vacuum is created. By means of the aame aysteni, but with 
animal pulp, Captain Brown has succeeded in making join tleea 
cartridge boxes, bayonet and sword sheaths, and many other 
similar articles. The method of preparing animal pulp 
briefly this : Clippings of hides and ekina from the tan-yarde— ^ 
the raw materials of the proceaa^after soaking in wat 
and preliminary cleansing, are steeped in a warm solution 
of alkali, then cleansed mechanically, after which the alkali is 
neutralized by acid, the substance crushed between fluted 
rollers, and finally placed in an ordinary beating engine, where 
it rapidly assumes the form of common vegetable pulp, and 
may be made into sheets of paper either by hand or on a 
machine. Of courae each atep of the manufacture requires its 
special apparatus and dexterity of management, even the 
arrangements of the paper machine are peculiar for pulp 
so much more dense than ordinary vegetable fibre, and 
incapable of enduring the heat of steam -drying cylinders, as it 
is ordinarily applied. Captain Brown's process baa for severaJ 
years been in abeyance on account of a ruling of the courts of 
law, which defined it to be paper, subject to duty, and not 
parchment, hence it could not be used for legal documents, or 
sold as anything but paper. The duty, however, on thai 
latter article has been taken off, and the manufacture ia 
being re-established on a large scale at Romsey, in Hampshire, 
the artificial parchment commanding a high price, compared 
with its coat, for book-binding, and many other purposes for 
which skins have been used. I believe that this is the first time 
in which this elegant process has been publicly explained, and 
I have mentioned it because from my intimate knowledge of 
the process I have reason for considering it a manufacture 
well adapted to the resources of this country. 

Closely allied to paper-making is a manufacture, whioH 
within the last three or four years has assumed great comma?- 
oial importance, and which possesses special interests to 
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profession — I allude to gun-cotton. From the time of its firet 
discovery till a year or two ago this substance was little better 
t^um a scientific toy ; but the reaearchea of Mr. Abel of the 
Royal Laboratory, Woolwich, and, above all, tlie persevering 
aiall of Messrs. Thomas Prentice and Co., of Stowmarket, 
hsLve ^ven to guti-cotton an iiiii>ortfintie, the ultimate magni- 
tude of wliicli it would be nish to predict. The preparation 
of pure gun-cotton is very simple. Raw cotton-wool after 
being carefully cleansed is atceped in concenti'ated nitric acid 
thoroughly washed and dried. In this state it is bo violently 
explosive as to be practically valueless. The problem has been 
how to mitigate with certainty and precision the rate of com- 
bustion, it has been found impracticable to prepare the 
gun-cotton of varying strength, so that the only remaining 
means ia to dilute to various degrees the one strong quality 
that can be obtained. At first it was sought to effect this by 
spinning the prepared cotton into yam, and then twisting it 
into rope, or weaving into cloth, with similar unprepared 
material; but although this process yielded very excellent 
results, the requisite amount of uniformity in quality was not 
obtained. It was then suggested by Mr. Abel that the 
prepared cotton might be converted into pulp as for paper 
making, and in that state most intimately mixed with 
uoprcpared pulp in an ordinary beating engine, and then 
made into sheets of explosive paper for small arm carb-idges, 
or into cakes of any form and weight for cannon and blasting 
charges. This system appears to have met with complete 
success, every shade of intensity can be obtMned with certainty, 
and the Messrs. Prentice appear likely, in a rapidly increasing 
bnainesB, to reap the reward of years of persevering and most 
iatelligent ai)p]ication to this important manufacture. The 
peculiar advantages of gun-cotton are mainly these :^The 
manufacture being carried on in the wet state up to the final 
drying is absolutely devoid of danger. Gun-cotton when 
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loosely packed U not violently explosive; it rather bum*! 
fiercely. It makes no amoke, and consequently docs not foul 
firearms, and is peculiarly valuable for blasting in mines, Ita 
report wlien fired is not so sharp and piercing as that of 
gunpowder; and a charge of given intensity occupies only 
one-sixth ita space, in consequence of which the blasting holes 
may be made much smaller and more economically. 

Important imjirovements have recently been made in the 
production of raw cane sugar. To make these apparent it 
will be better to give a brief sketch of the method hitherto 
generally adopted in our own colonies and in most of those 
of other countries. 

The juice of the sugar cane, after being expressed in the 
crushing mill, is run into "clarifiers," or large vessels, in 
which it 13 raised to the boiling point by means of steam. 
The free acids in the juice are here neutralized by lime, and 
the albuminous matter becoming coagulated, entangles many 
other impurities, and rises to the surface as a thick scum, 
which is carefully removed. The partially clarified juice is 
then drawn down into a copper wall, or battery of coppers, 
generally six in number, of various sizes, the largest receiving^ 
the weak juice, which is ladled over from one to the other, till | 
at last, in the smallest pair, it reaches the granulating point, 
and is removed, or "struck" into coolers. In the better 
arranged estates concentration is only carried up to a certain 
point in the coppers, or " taches," and granulation obtained in 
vacuum pans. 

The defects of this system are : — lat. The addition of lime " 
in the clarifiers doea not always or completely arrest the 
progress of acidity, and produce otherwise a clear juice. 
2nd. The coppers being heated by direct fire, have their sides, 
even at the last, at the excessive temperature of from 300° to-l 
400", at which the acetate of lime contained in the juice is ta J 
a considerable degree decomposed, free acid is formed, and, afr J 
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B consequence, colour and yield, raiiidly fall off. 3rd. As the 
coppers have to be skimmed and otherwise nmnipiilaU'd, they 
must be open to the air, but the process occupies many hours, 
the taches generally remain charged all night, so that there is 
plenty of time for the juice to det^rionite, which, in the hot 
climate of the sugar-growing countries, it rapidly does. 

Ih Guadidoup and Martinitjue a aomewhat better system 
provjuls, the clarified juice being run into batteries of two or 
tliree tubular boilers, the last of which, containing the strongest 
juice, ie heated by high pressure steam, the second boiler by 
the vapour given oif by the juice of the last, and tlie first 
boiler by that of the second, the liquor being finally brought 
to tlie grimtdating point in vacuum pans. This system, 
cidled "double," or "triple effect," requires a perfectly 
clarified juice, which, as I have already expliuned, cannot 
always be obtained. 

It appears to be admitted on all hands that four main 
objects should be aimed at in the treatment of cane juice: — 

1st. Rapidity of manipulation to counteract the decomposing 
effects of a hot climate. 

2nd. Lowness and regularity of temperature duiing con- 
centration , 

3rd. Exclusion from contact with the atmosphere ; and 

4th. Continuity of process implying economy of labour 
Mid fuel. 

These conditions have been successfully embodied in the 
patented process of Mr. Walter Knaggs, a Jamaica sugar- 
plsnter. According to his system, ihc juice, as it runs from 
t^G cane mill, has injected into it a stream of sulphurous acid 
gdB, wiiich jiossesses the property of preventing the spread 
of acidity to which cane juice ia so liable, and of partially 
destroying colouring matter. The juice is then let into the 
ordinary steam clarifiers, where it is brought to the boiling 
ponit as rapidly as possible, and the scum skinuued off. The 
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Bittpburous acid having now performed its functions, ia 
neutralized by meana of cretaceoue earth or clay, and the 
juice being kept well agitated, a small quautity of the 
permanganate of aoda or potash is added, until a viable 
separation of flocculi taked place. The acids formed by the 
combination of manganese and oxygen possesses the property 
of destroying or precipitating certain organic matters which 
are not removable by lime, and in this fact consists the great 
merit of this system of clarification. The juice is next drawB 
down into the subaiders, or eettling vessels, where lime is 
added, until, after a few minutes' rest, the liquor becomes 
perfectly bright and clear, and fit for concentration, all 
impurities having been completely separated. The next 
improvement is the substitution for " taches" or coppers of a 
shallow tray, heated by steam generated either directly under 
it or supplied from other boilers, and with the heating surface 
augmented by a large number of tubes placed close to its 
surface. Over the tray and among the tubes the juice rims 
three or four inches deep, and in a length of about 20 feet, ia 
concentrated from 8 to 28 degrees Baume, each portion of 
juice remaining only a few minutea on the evaporator instead 
of hours, as on the " tache" system. The tray is covered 
with a double hood, and the vapour from the juice is 
collected to be used for further concentration up to the 
granulating point in the " Grauulator"- — a vessel where the 
final operation b performed at a temperature of 180°, chiefly 
by the agency of a ctuTCnt of air acting on the films of warm 
juice raised on the blades of a revolving paddle wheel. 

Instead of using the granulator, the tray may be made to 
concentrate rather less, and the vapour of the juice used, a^ 
in the "double effect" system, preparatory to gi-aniilation in 
a vacuum pan ; but it is important to note that Mr. Knagge' 
system not only dispenses with the agency of largo quantities 
of water and powerful air pumps roi^uired in the vaeimuj-p 
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mcthud, but the granulator actually yields a large supply of 
diatilled water, and ia therefore peculiarly vahiable to the 
noany estates which are badly supplied. The whole process 
b^g oontinuoua, may be conducted throughout under cover, 
effecting a great economy of manual labour, so difficult to be 
procured in our augar-growing colonieB, and preventing the 
;{Mlfering, which is a senoua source of loss to the planters. 

The evaporating tray has, to a certain extent, beeu 
anticipated by Fryer's "concretor," or tray heated by direct fire. 
I Deed hardly remark that although this is an undoubted 
improvement on the copper wall, it retaioB one of the defects 
of the latter system — that of the high temperature of its 
plates — and cannot, therefore, compare with the moderation 
and steadiness of temperature of the apparatus heated by 
Bteam. 

This process of concentrating liquors is, of course, 
applicable to the refining of sugar, and many other operations 
where it is desirable to regulate the temperature and study 
economy of fuel. 

I shall depart from the course laid down for myself in the 
resolution to dwell upon manufacturing processes only, in 
ord^ to draw your attention to the Dublin Corporation Water 
Works, I do this for two reasons. Firstly, because I am 
aaxious to remind you that the scheme by which Dublin and 
its environs are (o enjoy, for all time, an abundant supply of 
excellent water, was originated and projected by Mr. Kichard 
Haesard, a member of this Institution, who, however, has been 
most unfaii'ly deprived of the honour and emoluments that 
should legitimately have accrued to hliu in personally carrying 
out his own scheme ; and secondly, because recent events have 
diown that however convenient and economical it may be to 
icsrry out the ordinary sanitary works of a town by means of 

Mnateur committee of citizens and officers, whose experience 
liae been confined to such operations, it ia unsafe, and indeed 
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an act of folly, to intrust works of great magnitude, involviag 
immense outlay and considerable risk, to other than engineers 
of firat-rate standing, and whose training has been specially 
directed to the conatructioa of works similar to those contem- 
plated. 

If you will refer to the sixth volmiie of our Transactions, 
you will find a paper by Mr, Hassard, read here in March, 
1861, which places beyond question that our colleague did not 
merely vaguely hint that Dublin might be supplied from the 
water-shed of the Vartry, but that in 1858, wlien the question 
waa being investigated by Mr. Hawkaley, on the part of the 
Corporation, he desL'ribed the scheme in detail, showed the 
grounds on which his opinion was based, and submitted plans, 
estimates, and descriptive particulars of the project. Mr. 
Haasard's schenie, with some trifling modifications, has been, 
as you are awai-e, adopted ; it might have been well for the 
pockets of the citizens, the honour of the Corporation, and the 
credit of our profession, if he had been appointed chief engineer, 
a position to which he was so fairly entitled. In August, 
1865, on the occasion of the Mechanical Engineers of Bir- 
mingham meeting iu Dublin, Mr. Neville, ihe Corporation 
Engineer, read a paper " On the Dublin Corporation Water 
Works for the supply of water from the River Vartry," and 
in this paper he does not even mention Mr. Hassard's name, 
but leads his hearers to infer that the locaUty was simply re- 
commended by Mr, Hawkshaw, acting as Royal Commissioner, 
and that the scheme was designed by himself. 

1 think it beyond question that the calculations Mr. Hassard 
made as to the amount of water to be expected, will be fully 
realized. He look the average rainfall in Dublin from 1837 
to 1852, as 29'08 inches; he coiTccted this for altitude by 
gau^ngs made for six montlis, by Mr. Bateman, near Bally- 
smuttan, about eighl miles distant from the Vartry basin, and 
found that an increase of 60 per cent, might fahly be expected. 
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giving in all a meftQ nverage rainfall of 46^ inohea, and this 
anti^pfltion has been more than borne out, as the rain gauges 
placed in the district by the Corporation have given, for the 
years 1861, '62, '63, '64. a mean averatre of 53*64 inches, not- 
withstanding that the years '63 'l}4 had been years of unusual 
drought. 

Mr, Hassard's general design has been departed from in one 
TGBpect, by tlie omission of a aafegnard, with which all large 
reservoirs aitnated similarly to that at Roundwood, should be 
provided. The flood water-courae alongside, which was in- 
tended to intercept, in case of need, the drainage of a greater 
portion of the watershed, and afford the means of diverting the 
Biver Vartry, and prevent its flowing into the reservoir, has 
not been constructed, and it ia, consequently, quite possible 
that if the necessity of emptying it should arise at the com- 
mencement, of a wet season, and when the reservoir was full, 
moDths, or, at any rate, several weeks, might elapse before the 
oatlet piftes could discharge more than the supply, and effect 
the required object. 

The laiiure of the great embankment at Roundwood can 
hardly be said to be very instructive, except, perhaps, to the 
yonng members of tlie Engineering School, in bringing under 
their notice a mode of construction which they should ever 
most sedulously avoid. The cause of failure will be beat 
understood by reference to the accompanying diagrams. It 
was necessary, of course, to introduce into the reservoir the 
BfflTfice and emptying pipes, this latter having been thought 
of only after the SliefBetd catastrophe, and although there was 
every facility for driving a tunnel through the solid rock at 
one end of, and outeide the embankment, it was deemed prefer- 
able to build a culvert through the bank, and under its deepest 
part, a mode of construction long since abandoned by all ex- 
perienced en^eers. The culvert was partly excavated in the 
rock, and ai-ched over, the back of the arch being [lerfectlv 
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amooth. A plug of brickwork, in cement, through which the 
pipes were carried, was built in the centre of the culvert, under 
the puddle wjill, the culvert abutting against its smooth face 
on eifherside. The top of the brick pliiggiDgwaaalsoamooth. 
Ab Boon aa the pressure of water becan:ie sufficiently great on 
the inner face of the plugging, a leakage was eatablished 
between the end of the culvert and the plugging, aided by 
water passing througli the radial joints of the arch of the cul- 
vert, and spreading along its smooth outer surface, soon found 
ita way round the unbroken plane between the brickwork and 
the puddle wall, and made ita appearance in jets of dirty water 
through the joints of the arch of the outer culvert beyond the 
plugging, and waa thus the test of the mischief going on 
within. 

I need hardly tell yon that the safe course would have been 
to drive a tunnel through the rock at one end and outside the 
bonk; but when once a culvert was decided on, the arch and 
plugging should have been deeply ribbed, and the ends of the 
culvert toothed securely and deeply into the faces of the 
plugging. 

The 48-inch pipe inserted for lowering the wuter was only 
carried through the brick plugging, ita mouth being in the 
centre of a long tunnel. In the event, therefore, of accident, 
to the outlet-valve, there would be no convenient means of 
stopping the water. Such an accident did, in fact, arise just 
before the leak in the embankment appeared. With great 
difficulty, and by the aid of divers, a wooden ball was got into 
the culvert and against the mouth of the pipe, and the valve 
taken out for repairs, but, unfortunately, just after this had 
been done, the leak occurred, and the ball being jammed by 
the pressure of the water in the mouth of the pipe, it so hap- 
pened that at the very moment when its services were moat 
needed, it could not be made use of 

Had the obvious and common precaution been taken to 
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carry the pipe throu^-h the tuoDel, and turn its mouth upwards, 
BO thiit a ball could at any moment be lowered into it by means 
of a crane attached to the water tower, a vaat deal of anxiety 
Mid danger would have been avoided. The embankment is 
now being mode good in the manner in wliich it should origi- 
nally have been constructed — always reserving the point that 
it abould never have been there — the pipes will be arranged in 
the way here recommended, and the citizens of Dublin will 
have the satisfaction of knowing that they have paid a good 
many thousand pounds for the professional education, so far as 
hydraulics are concerned, of the Water Works Committee and 
its officers. 

The workmanship and materials of the works, I am informed 
by competent judges, are extremely good, and reflect much 
credit on the contractors. Some accidents to the pipes must 
of course, be looked for on such a length of main, and it is not 
likely that so great a range of works can be executed without a 
few faulty parts, but I have very little doubt that in due time 
Dublin will have a water supply second to none in the United 
Kiiigdoin, and sufficiently copious to afford means, at a low 
rate, for working the small hydraulic macliinery now so much 
used in our larger towns, and so valuable for the smaller in- 
duBtries. 

An exceedingly convenient as well as novel arrangement of 
pumping machinery for the drainage of reclamations has been 
devised and brought into operation by Mr. A. Harniens, of 
Amsterdam. Thb gentleman has exhibited a great deal of 
skill and enterprise in reclaiming the " polders" or lakes in 
Holland, and having experienced the great cost of fixing 
powerful pumping engines on the marshy borders of the re- 
clamations, it occurred to him to construct a pontoon into wltlch 
' the engines and pumps should be placed and floated into the 
lakes which would thus be pumped out in succession by the 
one set of machinery, with very slight expense in removal from 
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one site to another. Aa the pnntooii sinkB the delivery pipe 
of the pump is lengthened, and finally when the water is all 
out, the machinery ia either taken to pieces and the boat ]iulled 
out. or a dam ia constructed ronnil it, and tlie whole apparatus 
is floated out into the canal receiving the drainage. When 
large Buma of money iiave been expended in forming embank- 
ments, it is, of course, of great commercial importance to get 
the water out as quickly as possible so that the land may bef, 
placed in the hands of the farmer. The permanent machinery'' 
necessary to keep the land drsuned once it has been reclaimed 
is comparatively small and easily fixed, whereas the pumpa 
necessary to clear out the water that haa for ages formed a 
sea over the land must lie very large. Hence Mr. Harmen'a 
system, which completely dispenses with the coat of transport 
and fixing, is likely to prove very valuable, and induce the re- 
clamation of lands whicli would not repay the heavy outlay^' 
upon the old metliod. The first of tlieae pumps, constructed'^' 
by the firm with which I am connected, consists of an Appold 
centrifugal pump capable of rising 50 tons of water per 
minute, driven by a pair of horizontal engines fixed on the top 
of a Cornish multitubular boiler. The engines work at 120 lb. 
pressure cutting off by means of double-slide valves at one- 
fourth the stroke, the whole of the machinery fitting into a 
pontoon 52 feet long, 10 feet broad, and 4 feet deep, drawing 
3' 3" of water. The floating pump was towed over to Rot- 
terdam without difficulty, and by means of rivers and canals 
brought close to a lake near Amsterdam, which was being 
drained. It waa hauled over the bank, launched, and set to 
work in a very short lime, and at small cost, ita performance 
comparing very favourably with that of condensing engines, 
which were already at work on the shore. There are many 
places where floating pumps would prove very useful not only 
as temporary but as permanent machines, and save the large 
sums of money that must frequently l>e expended on founda- 
tions. 
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In the construction of et«am engines little or no progreHs 
has receiitiv been made, which ia the more remarkable wIicd 
we consider the wide field which exists for improvement. It 
ia popularly held that the Btj'ara engine is a model of 
perfection, the beau ideal of meclianical Bkill. In reality, 
however, it is still very far from utilizing even a fiiir proportion 
of the mechanical power known to be derivable from the com- 
bustion of fuel. 

The researches of Joule have shown that 1 lb. of water 
heated 1° F. is competent to raise 772 tb. 1 foot high; and, 
consequently, 1 tb. of water converted into steam should raise 
990x773 = 764,280 fb. 1 foot high A good boiler will 
evaporate 8 lb. of water per fti. of coal; hence, lib. of coal 
should be competent to raise 6, 114, 240 lb. 1 foot high; or, if 
consumed in 1 min., to produce 185 H.P. But a very good 
expansive condemning engine consumes about 3 lb. of coal 
per H.P. per hour, which is equivalent to 1 lb. of coal 
producing 20 H.P., or less than ^th the power that coal is 
known to be capable of developing. I cannot help thinking 
that if this fiict. which I have stated very roughly, were 
more generally known it would stimulate inventora to produce 
^-iffl^irovenienls in the steam engine which would make as 
marked a feature, even in this age of discoveries, as Watt's 
iBventJona did at the commencement of this century. 

It may be asked in what tUrection are we to look for the 
wonderful improvement that I anticipate in the application 
of heat. The question has many answers. In the first 
place, a gi-eat economy might arise in employing a fluid 
from which to generate steam of the lowest possible latent 
heat, ^ther has been tried upon this principle, but practical 
difficulties have hitherto stood in the way of its adoption. 
In the next place it may result that eteam is altogether a bad 
channel through which to convert the energy of combustion 
into power, and we may have to look into the subtle 



opeistioDS of nature to find out the best application of 
cliemi<;al energy to prime movere. In this respect it ia that 
the researches of Professor Haughton in animal mechanics 
possesR such interest to ua. With liis well-known abilil 
and energy he has already made considemble progress 
assigning to muscles tnechanical values, lie has proved, 
example, that the force of a healthy human muscle araounl 
to 102-55 lb. per square inch of cross section; tliat the total 
amount of work a muscle is capable of producing is in pro- 
portion to its weight; that the moments of motion round 
the Joints are proportioned to the weight of the muscle ; and 
that the consumption of food produces more work in the 
bodies of animals than the corresponding weight of fuel burned 
in a machine. It is quite within the limits of probability 
that these researches may lead to moat important results, ai 
justify, in a startling manner, the advice of the Hebrew 
to consider the ways of nature and be wise. 

The terms "high" and "low" pressure engine now 
longer convey the meaning they formerly did; indeed, 
many cases, the terras might with correctness be reven 
They used to signify "non-condensing" and "condensing 
engines; these now frequently work at the same boiler 
pressure, in which case the condensing engine ie really under 
the higher pressure of the two. There is a growing tendency 
to reduce the size of engines and to increase their speed to 
obtain the requisite power. For permanent engines I think 
this tendency is mischievous, because high speeds mean 
frequent repairs. To obtain smooth running there must be 
a certain relation between the weight of the reciprocating 
parts — the pressure of steam — grade of expansion — and 
velocity. If you will refer to a most interesting paper bj 
Mr. Strypc in the seventh volume of our Transactions, 
will see the influence of the inertia of the reciprocating 
of steam engines on their motions demonstrated mat) 
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tically as well as practically; and if engines were conatmcted 
witli this contjidcration in view there is no reason why con- 
siderable speed ehoiild not be compatible with smoothness of 
motion, 1 fear, however, that few engineers trouble 
themselves about such nicetieB. The grade of expansion of 
uigines is varied without regard to the proportions of the 
engine, the reafly cure for rough running being a little 
more or lesa lead; a contrivance, in fact, to correct in a 
wasteful way the evil consequences Mr. Strype has shown 
must arise from improper relatione between the mass of 
moving parts and the energy of steam. Wide differences of 
opinion exist ae to the moet advantageous pressure to use, 
I do not think there is much gained beyond tiO tfa. above the 
atmosphere, because the advantages of increased expansion 
are counteracted by the increased loss by radiation from tJie 
more highly heated parts, hy the increased temperatui-e of 
ihe smoke leaving the boiler, and by the praetical difficulties 
of lubrication ajid the wear of [ntrts. Much misconcejition 
esista about " superheated steam." There is no advantage 
in using really dry steam at a higher temjierature than that 
due to its pressure. But steam never issues from a boiler 
dry ; it carries up *¥ith it mechanically more or less water, 
and is itself partially condensed by radiation and conduction. 
Extra heat applied to vaporize this water is a direct gain, but 
any heat beyond that is much better applied to the water in 
the boiler. 

I must direct your attention for a few minutes to the very 
beautiful invention of a man who has contributed materially 
to the advancement of mechanical science. I allude to the chro- 
nometiic governor of Mr. Siemens. The principle upon which 
this instrument is constructed is to establish uniform rotation 
by the mutual action of power and resistance, both of which 
shall be invariable, and to obtain the force necessary for 
regulation from the resistance which such revolving body is 
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! made to offer to the least change of sfieed. The genel 
arrangement of the governor is this: a vertical spindle 
carries on its up])er end a cup hn^-ing an open bottom, and 
revolving in a cistern of water or other fluid, the bottom of 

[ the cup being sufficiently immersed in the water to alJow of 

I the latter being raised by the action of centrifugal force, aiid 
thrown over the margin of the cup. The cup 
rigidly to the spindle, but ia connected to it either 1 
spiral spring or constant weight, so that variations in ■ 
speed of the spindle have the effect either of altering the 

I immersion of the cnp, and thus causing it to raise more or 
less water, and so absorb or yield up power, or the altered 
speed affects the weight, which, by its motion, regulates the 
admission of steaiu or water. 

The first form of governor is applicable to delicate work, 

I and directly compensates for variations in the motive force 
by raising more or less of the fluid the cup is immersed in. 
It has been applied successfully to the regulation of electrical 
clocks, telegraph recording instruments, equatorial telescopes, 
and the like. 

The second form of governor is adapted to heavy machinery, 
such as steam engines, water wheels, marine engines, where it 
would be impracticable as well as wasteful to attempt th^_ 

, absorption of excessive power; and when, therefoi-e, the oi^l 
is driven by the prime mover to be regulated through l«H 
agency of differential wheels, the disc containing the inteis 
mediate pinions being kept in position by a weight or spring. 
The constant resistance at a uniform speed that the fluid 
offers in rising in the cup, augmented by the overflowing 
portion striking projecting vanes in the fixed case, and on 
the outside of the cup serves to sustain the weight which 
thus becomes the fixed driving power of the cup. The les 
tendency to variation of speed produces a greater or 1«4 
discharge of fluid, and therefore a corresponding alteration d 
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the resistance to the power necessary to drive the cup, and a, 
consequent movement in the weight, which being cnnmiuni- 
cated to the regulator, adjusts the speed of the prime mover. 
Unlike the pendulum governor, the instrument I have 
described, once set to a certain speed wiil maintain it quite 
independently of the amount of force exerted ; and so perfect is 
the action tliat a steam eu^ne may be loaded to its full power, 
and then suddenly and completely relieved without any 
sensible change of velocity. The chrononietric governor does 
not require to be kept in a vertical position ; the action 
continues perfect so long as the lower orifice of the cup 
remains immersed, and hence it is applicable to the regulation 
of marine engines. Those who wish to be more fully 
informed of this eleguot invtniion will find all they desire in 
the paper read by Mr. Siemens before the Institution of 
Mechanical Engineers of Birmingliam, in January, 1866. 

Mr. Siemens is the author of another invention of wide- 
epread utility — the regenerative gaa furnace. This furnace 
conaiats of two portions: Ist, The producer where the gaa is 
made, and which may be at any point of au establishment 
moat conveniently situated for the supply of fuel ; ajid, 2nd, 
the furnace with its regenerators connected to the producer 
and chimney by subterraneaji flues. 

The gas producer is uot unlike a covered limekiln with 
a firegrate at the boitom. Into this the fuel ia thrown. The 
layers next the bars burn in the ordinary manner, the heat of 
combustion driving of!' the light hydrocarbon gasses from the 
fresh fuel wiiile the carbonic acid produced at the grate in 
passing through the mass of red-hot fuel, takes up another 
^uivateuLuf carbon, and is changed into carbonic oxide, which 
is an inflammable gas; and lastly, to diminish the quantity of 
nitrogen steam is introduced at the grate, and, becoming 
decomposed by the incandescent coal, to a certain extent takes 
the place of air, but with the advantage of yieliling hydrof;en 
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instettd of nitrogen. The mixture of gasses I have i 
collect in the upper port of the producer, and are carrieii up 
about 10 feet in a. brick stack, then horizontally a short distance, 
and down agaia in sheet iron flues into the main gas passage 
to the furnaces. The gas passing through the sheet-iron 
fluea becomes slightly cooled, and its density sufficiently 
increased to make this system of pipes act like an air syphon, 
and impel the gas along the mains. 

The furnace is made of various forms to suit particular 
purposes, but in all cases it is provided with regenerators 
consisting of two piurs of chambers filled with loose bricks 
and fitted with valves, so that the gas and the air necessary 
to mix ivith it are brought up one pair of chambers into the 
furnace, bum, and the waste heat and products of combustion 
pass down the second pair to the chimney flue. In the 
course of an hour the second pair of regenerators have become 
intensely hot at their upper ends, the gas and air valves are 
reversed, the flames descend by the first pair of regenerators, 
while the air and gas rise by the second, absorbing the heat 
from the loose bricks, among which they find their way into 
the furnace, and thus commence to burn at a high tempt 
ture, effecting a great economy, the heat of the chim 
flues being only about 300 degrees. 

The hearth of the furnace is neutral as regards draught; 
the gas and air enter by their own buoyancy ; the draught of 
the cliimney is regulated so as merely to carry off the 
products as they arc formed, and, consequently, when the 
furnace door ia opened there is no indraught of air and 
consequent oxydation of the metal being heated. By varying 
the proportions of gas and air the flame may have oxydizing 
or deoxydizing properties communicated to it ; an absolutely 
uniform heat may be kept up for any length of time ; the pro- 
ducers are aelf-regulating, because the amount of air passing 
into the grate, and tlierefore the quantity of gas product 



ay int o 

impe»^^ 




OF CrVIL ZKGINEEHS OF IKELAND. 

depends upon the quantity <lrawu off; a,tid, finally, one 
attendant can easily manage three or four Curnaces. Almost 
any sort of fuel can be used, slock and screenings of coal aud 
ooke being ae good as any, and considerably cheaper. 
From several yeara' experience I can eay tliat not only are 
Siemens' furnaces theoretically an improvement un the old 
system, but that they answer perfectly in practice, and will, I 
think, be very valuable with fuel, such as peat, that cannot 
bear a strong blast, but which in other respects presents 
spedal advantages lor metallurgic operations. 

In the manufacture of iron and steel Mr. John Hams- 
bottom, of the Crewe works, has introduced aouie valuable 
improvements. In the ordinary process of rolling iron the 
bars are passed through in one direction only, returning over 
tiie top roll, whereby much time is lost and heat wasted. 
The geeriug by which rolling mills are driven is usually of 
an extremely pondenms description, and though the idea of 
reversing the rolls and passing the iron backwards and 
forwards has often been entertained, the difficulty of arranging 
the mechanical details has stood in the way of its adoption. 
Mr. Bamshottom, with tlie originality which characterizes most 
of his proceedings, boldly discarded the old system, and 
apphed a i>air of lugh pressure engines without any fly wheel 
whatever, direct to the rolls, and obtained the desired action 
by reversing the engines so perfectly tliat the whole train of 
TcAh at Crewe has been reversed as often as seventy-three 
times in one minute. 

The engines of the Crewe rolling mill have cylinders 
28" diam., 4' stroke, coupled at right angles, and geered 
into the rolls so as to make 3^ revolutions more than 
they do. The reversing arrangement is a modification 
of Allen's straight-link motion, which, for convenience, is 
worked by hydraulic power. There are two pairs of rolls, 
one for roughing down, and one for finishing ; the former is 
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24 inches diameter luid 6 feet long, the other the sunie 
diameter, but 7 feet long, the connexion between the engine 
and the rolla being through a friction clutch. The practical 
working of these rolls has proved eminently satiefiuitory, nor 
does the quality of the iron appear to be affected by being 
rolled alternately in opposite directions. The introdiictiou 
of this system will very much facilitate the production of very 
long bars and heavy plates. 

In the manufacture of steel tyres Mr, Bainsbottum has 
again quite left the beaten ti'ack. To make a five-foot 
locomotive wheel tyre, he first casta a Bea seiner steel 
truncated cone 'i'l" diam. at the base, ti" at the apes, aud 22" 
high. As soon as sufficiently set it is removed from the 
mould, reheated and hammered on the sides and end in a 
steam hammer of perfectly original construction. It ivorks 
horizontally, and instead of an anvil it is opposed by a second 
hammer working simultaneouslj' iu the opposite direction. 
By ihis bold an'iingemL'ut pei-fect uniformity of blow on the 
two faces is obtained ; the ordinary hammer, it is well known, 
producing a greater effect on the hammer than on the an^il 
side, especially in large masses. The bloom which the 
horizontal duplex hammer lias reduced to the form of a 
cheese 22" diam. and 9" thick is heated a second time, and 
then placed under a steam hammer having a cone 17" long 
and 1^" diam. fixed to its face, by means of which a hole is 
punched through and enlarged, till it is 12" diam. The ring 
is then heated a third time, and hammered upon a beak anvil 
at an inclination of 20° to the vertical, till it is 34" diam. and 
5f" thick, after which it is heated for the last time, and 
finished in Mr. Eothwell Jaelteon's circular rolling mill. At 
the works of the London and North Western RaUway 
Company, at Crewe, Mr. Ramsbottom's system is in full 
operation, the tyres being turned out by one set of apparatus 
at about the rate of one ei'ery hour, with great econom 
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chiefly on account of the very inaignificnnt waste of material, 
not exceeding 8 per cent., and the small number of reheatinge, 
while the searching work every tyre has to undergo is a 
guarantee of its soundness. 

I now approach a subject of peculiarly national importance, 
but which I fear will find little favour in your eyes. I mean, 
the artificial drying and consolidation of Peat. I dare say, 
many will exclaim that there have been quite failures enough 
of attempts ti) give our bogs a highcommercial value to justify 
the conclusion that so desirable an end is beyond our reach, 
and that it ia mere wa«te to devote time and inouey to it. To 
such objections I would reply that repeated failures by no 
means prove that an enterprise ia ioi practicable, that on the 
contrary they should be made stepping-stones by which men of 
talent and perseverance can rise to the goal they have deter- 
mined to attain ; that in difficult undertakings the failures that 
have arisen are like buoys laid down by our predecessors to 
warn us of the roi'ks on which they have made shipwreck, 
and that consequently the course of each succeeding adventurer 
is the more clear and secure. Those who care to take the 
trouble to study the history of peat-fuel manufacture, and 
who will patiently ascertain tlie cause of each failure, will, I 
think, agree with me that the following points have at least 
been determined : — 

1 . That the climate of Ireland is very ill adapted to natural 
drying; that the number of fine days docs not, on an average, 
exceed 100 in the year, and that it Is very rare to have many 
fine days in succession. It h therefore imperative in air drying 
to expose the greatest possible surface and to accomplish the 
process in Ihe least possible time. 

2. That every ton of peat in an average bog is associated 
with 9 tons of water; that this water can only partially be 
separated by mechanical means, and cannot be evaporated 
naturally when the peat is in the form of soils, in less time than 
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an average fine summer; that not unfrequently the eeasona 
are so wet that dry turf cannot be procured at all, and that 
consequently any manufacture depending on it could not be 



3. That the cost of cutting and saving turf by the ordi- 
nary process increases rapidly with the yield required from a 
given area, because of the immense surface necessary for 
spreading out the sods to dry. To cut a moderate quantity 
of tui-f from a bank and throw it up to bo spread by an as- 
sistant is, no doubt, a cheap process, but when a certain width 
is covered the assistant has to be supplimented by two othera 
with barrows, who at once double the cost, which, after a 
time, must be increased in a still higher ratio if further width 
of spreading is required. 

4. That peat cannot be compressed in the wet state and 
dried afterwards, and still form a compact and durable fuel; 
because a cake of wet peat is in the worst possible condition 
for drying, and when dry, it becomes porous and inable in pro- 
portion to the quantity of water removed. 

What then is wanted to hold out a reasonable prospect of 
success is a process by which a crop of peat could be collected 
and partially dried in the course of a single fine day, or even 
portion of one ; an economical means of completing the dryi 
and a machine competent to compress the dried peat int 
compact form. 

If you will refer to Vol. vii. of our Transactions, and to 
the Record of the Proceedings of the Mechanical Engineers 
of Bu-mingham in August, 1865, at their meetuig in 
Dublin, you will find a minute description of a pro- 
cess of manufacture which complies with the conditions 
I have just named, which has been in actual operation for 
Homeyears, and by which over 7,000 tons of excellent fuel has 
been produced at a very moderate cost, but which, unfortu- 
nately, and for reasons which I will presently explain, is not 
at this moment in ojieration. 
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I will first, hoive\'er, give the salient points of Mr. Charles 
Hodgson's beautiful and simple process, puuaing for a moment 
to pay a tribute to the ingenuity and perseverance of our Ab- 
sociate, who for more than ten years detotcd the best part of 
his time, his fortune, and his talents, to the question before us, 
and whose name will one day be recorded among the benefao- 
tora of his country. 

The first dawn of success became apparent in the invention 
of the continuous tube-pressing machine. Mr. Hodgson 
found that to make a permanent cake of fuel out of dry peat 
required not only very heavy pressure, but that the pressure 
Bbonld be kept on not less than one minute. No sort of 
moulding machine could turn out any quantity under these 
conditions until the happy idea occurred to obtain the neces- 
sary resistance to pressure in the friction ofa tube, and he ein- 
'bodied this principle in his Patent Pressing Macliine, which 
consiste of a tube 4" diam. and 5 feet long, in one end of 
which a ram reciprocates, and at each stroke produces a cake 
about 1" thick, pushing the full of the whole tube of pressed 
fuel forward to the same amount ; and as each cake takes about 
one minute to traverse the length of the tube, it remains one 
minute under pressure, and yet the machine produces 60 cakes 
in that time. This press leaves nothing to be desired, is ex- 
tremely simple and durable, and has proved itself capable of 
compressing regularly at the rate of 100 tons per week. 

No sooner was the Pressing Machine perfected than it be- 
came apparent that no known process could supply dry turf 
enough to keep it in operation. The raw material was wanted 
in the state of powder ; Mr. Hodgson set himself to ascertain 
if the bog could not be made to jicld it in that state more 
abundantly than in any other. He soon noticed that in a 
well-drained piece of bog each ton of the upper surface for an 
inch or two deep was associated only with three tons of water, 
and if harrowed up and exposed for a few hours on a flue day 
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this was reduced to 1^ tons, and the peat or " mull" so dried^ 
if put into Leaps, did not again absorb moisture, and if raked 
elowly over iron plates heat«d only by the waste steam of the 
compressing maobine, most of the remaining water was driven 
off, and in fiict that by tlie combustion of 35 tous of com- 
pressed fuel power and heat enough could be obtained to dry 
and compress 75 tons for the market. 

The question of supply thus resolved itself into area of bo^j 
brought under treatment, and it has been found from expe'j 
rience that eight Irish acres are sufE(^ent to provide, durii^| 
the fine weather of the summer months only, suf£<^< 
material for the production of 5,000 tons of compressed ftiel 
per annum. 

In the year 1865 Mr. Cotton and I were requested to 
examine and report as to the cost of manufacture upon the 
process I have just described, the experimental works were 
placed at our disposal for a month, and the conclusion we ar- 
rived at was, that the actual production, at the rate of 84 tons 
per week, cost 6s. 4d, per ton, and the probable cost, at the rate 
of 400 tons a week, would not esceetl Ss. 11 Jd, per ton — <!oat 
of management in both cases excluded. I have taken con^- 
derable paing to ascertain irom the actual experience of more 
extended manufacture how far these anticipations have been 
realized, aud I find that the coat will probably be 4b. 2d. 
too on the large production, while the expenses of manager] 
ment and depreciation will amount to Is. 8<1. ; or 5s. lOd. in 
And the price realized for the compressed peat ha^ acti 
been 9a. per ton at the works, and lis. Gd. on the canal 
in Dublin, leaving in each case a profit of 3a. per ton, witfti 
apparently an unlimited demand. I 

It will naturally be asked why, if these stateiaenta are 
rect, did the undertaking collapse like so many of its predet 
aors? The causes are chiefly the following: — 

1. The coLupany started with insufficient capital. In trul 
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the general public did not aubscribe more than one-sLtth the 
required amount, the inventor's family aubBcribed twice aa 
much, and this, with one-half the capital only paid up, the 
works were imprudently commenced in expectation of addi- 
tional support aa they went on; but evil timcB were already 
approaching, and when the commercial crias came the company 
had to submit to the fate of many other similar enterpriBes. 

2, The time neceseary to prepare the bog for collecting the 
" mull" was not sufficiently considered. It takes fully two 
yeore from the time of first opening the drains to the time 
when the surface is sufficiently dry to be worked to advantage. 
This time had not expired before the machinery was ready, 
and hence a sufficient supply of matenal could not be obttuned 
to keep the preaaea in full work. 

3. Under mistaken ideas of economy the manufacture of 
the several portions of the plant was confided to various con- 
tractore, the company itself making a good deal of the coarser 
machinery ; the consequence ^v&s want of undivided reepousi- 
bility and a great de:d of very bad workmanship. It is always 
safer, especially in new processes, to pay a house of known 
talent and reputation a handsome sum for what is required, 
and to fij( on it the responsibility of the proper execution of 
the work, than to attempt to economize by distributing small 
contracts and practically abolishing all responsibility. 

Had a different course been pursued, had the full capital 
requii'cd been collected, had one press with its attendant 
drying machinery been fixed first and worked till the bog waa 
suffieiently dry to supply another, and had the whole four 
preaaes contemplated been thus gradually oetablished, had the 
machinery been made by one firm of high standing, I am per- 
fectly convinced that a year or two more would have demon- 
strated that Mr. Hodgson's process of preparing compreaaed 
peat was not only the decided mechanical aucceaa which it is, 
but a great commemal triumph as well. 
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Under present cirvumstaDCes I see no prospect of 1 
manufacture being resumed, unless the Government could b 
induced to aid in this truly national work. Its importance a 
a means of giving constant employment to the people may 1 
estimated from the fact that a production of four tons P99.S 
week involves the permanent employment of one man, it would' ^ 
cause money to drculate among our own population, instead 
of paying it away for English coal ; it would rechdm large 
tracts of land from a state of niter unproductiveness, and 
enable them to bear an industrious population, which would itself 
then find the means for many of those drainages of which the 
country stands in great need. I have trespassed long on your 
patience, but I hope I have made it clear that the subject, etll^M 
all events, deserves serious consideration, andif evermyhopetfl 
and wishes are realized it is to one of our body that the country 
will be indebted. 

In one gi'eat branch of our national industry — ^the cultivar 
tion and manufacture of flax — I cannot find that any very 
marked improvement has recently been introduced. There 
has been a steady advancement in perfecting details, and 
notably a great increase in the use of the power loom for linen "^ 
&brics. I cannot, however, resist alluding to the veijrfl 
honourable position Mr. James Comb, of the Falls Poundry, 
Belfast, has achieved as a maker of flax machinery ; not only 
does be successfully compete in the Home Market, but is able 
to find work for his 1,200 men in England, Scotland, the 
Continent of Europe, and in tact wherever linen machinery is 
required. 

Iron shipbuilding also appears to have taken firm root in 
Ireland; the yards of Belfast, Drogheda, Dublin, Waterford, 
and Cork, have shown themselves quite equal to the largest 
and best class of work, and Dublin has quite recently added 
the constructjon of marine engines to its industries. The 
honour of this introduction belongs to Mr. Bailey, one of our 
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raembera, and my succeaaor in the old house of Courtney, 
Stephens and Co., and I see no reason why, as the port ac- 
commodation of Dublin is improved, its ironworks should not 
aseume a very prominent position in the kingdom. A very 
Ifli^ proportion of the work that keeps the Ironworks of 
England, Scotland, and Wales employed, ia exported to our 
Colonies, and for works the expenditure on which is guaran- 
teed hy GoveiTiment. Ireland. I fear, will not be able fairly to 
compete in this trade until the largest class of ships sail from her 
ports direct to India, Australia, and other distant lands, 
because the coat of delivery and shipment in Liverpool or 
G-kagow opposes an almost insunnouutable bar in open com- 
petition. I observe, therefore, with pleasure, the important 
woiicB carried on by the Ballast Board under Mr. Stoney'a 
direction, for deepening the water along the North Wall, and 
X trust that more extended and comprehensive plana still will 
be adopted to forestall the rapidly growing wants of the port, 
and tempt merchants, ship owners, and contractors to seek in 
Ireland the manufactured goods they require. 

The dredging of the port is being carried on with very great 
vigour, and I am informed that the introduction of hopper 
barges capable of containing from 800 to 1 ,000 tons of dredged 
material, and being towed by steam power some eight miles 
out to sea to be emptied, has effected a saving of about 
i£20,000 a year, besides enabling the work to be carried on 
with much greater rapidity. Our Honorary Secretary, too, 
has further contributed to hla own reputation and to the 
laurels of this Institution by the publication of a very valuable 
work " On Strains." We have all Itnown hia predilection for 
that branch of analysis, and from time to time have had speci- 
mens of the investigations he has carried on, but wc now have 
a complete work, which, I am sure, will find a place in every 
Engineer's library. 

The conditions of the streets of Dublin has somewhat 
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UDpleasatitly reminded me of the recent introduction of 
road rollers for consolidEiting macadamized and other roads. 
Several exiieriments have lately been made by the Govern- 
ment in Hyde Park, London, and there can no longer be any 
doubt of the vast improvement it b, to subject newly laid- 
down roads to the action of heavy pressure before any traffic 
is permitted to go over them. 

The best Steam Road Koller is, I believe, that mani 
tured by Messrs. Aveling and Porter, the Traction Enj 
makers of Rochester; it ia very like an ordinary Traction 
Engine upon three very wide wheels, the two leading ones, 
being also the driving wheels, are 7 feet diameter and 2' 6" 
wide, measuring 8 feet over all ; ihe third, or ti-ailing wheel, 
by which also the steering is effected, is of the same diameter, 
and so wide as to overlap the tracks of tlje two other wheels. 
The general arrangement is based upon the patent of Mr. W. 
Clark, Engineer to the Justices of Calcutta, and has proved 
itself most efficient, from the facility with which the roller 
steers going either backwards or forwards, so that a short 
piece of new road laid down in the day time can be perfectly 
rolled down durinjf the succeeding night without any loss of 
time or power in frequent turnings. The cost of a. roller 
weighing 20 tona is only £600. Liverpool has already adopted 
the improved system, and it is evident that many other towns, 
among which I hope Duhhn will soon rank, will follow it£ 
example. 

Within the last few jears ateam ploughing has 
place among the acknowledged triumphs of mechi 
although years must elapse before it will come into gem 
use. In cultivating by steam power the Liud can 
ploughed to a greater depth, and more thoroughly thrown 
and disintegrated than is possible by horse ploughing, 
can be got over more rapidly, from 5 to D acres a day b( 
the work of one set of tackle, and in heavy ground the 
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consequences of trampling bv the horses' feet ia avoided, and 
the work therefore rendered leas costly. The force of this 
latter advantage will become apparent when we consider that 
four horses drawing a plough make 300,000 footprints to the 
acre, which amounts, in fact, to rolling the land with a 
weight of 1^ terns per square foot before commencing to 
break it up. It has taken many years, much ingenuity and 
money to bring steam cultivation to its present state, and the 
agricultural community is chiefly indebted to the late Mr. 
John Fowler and to Mr. Howard for the results obtained. 

Three methods of ploughing are in vogue : —1 . The 
steam engine ia placed on one side of a field, round 
which a wire rope is carried iuid attached to the cultivator at 
the side farthest from the engine. The rope passes one 
quarter round two fixed and two movable pullies, and draws 
tiie implement backwards and forwards abreast of tlie engine, 
the furrows approaching it at every turn. To avoid the 
great length of rope necessary to go all round the field, it is 
sometimes led diagonally to the movable pullies, dispensing 
thua with the fixed corner pidliea and saving about one-fourth 
the rojie and attendant rope porters. 

2. The engine travels along the headland at right angles 
to the cultivator, and actuates it either by an endless rope 
carried round a movable pulley oo the opposite headland, or 
by a rope the ends of which are coiled on drums fixed to the 
engine, and which alternately pay out and wind it in, the 
bight being round the movable pulley. 

3. Two engines travel abreast of each other on the opposite 
headlands, and draw the cultivator backwards and forwards 
between them, either by an endless rope, in which caae both 
engines exert their power on the plough simultaneously, or by 
a single rope, which is alternately wound in and paid out by 
drums fixed to the engines. 

Two relative advantages of these systems depend on 
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circumetancee. The fii'st hss the merit of extreme Gheapneas 
and simplicity, tlie apeoinJ plant required being merely a 
'windlass, guide pulliea, rope porter, plough and rope, any 
ordinary portable steam engine being available for driying. 
The complete apparatus costs about £600. 

The second system involvea the use of an engine specif 
constructed for the purpose, but in other respects is very 
convenient, and the coat not more than £800. The third 
system is the most simple, most quickly got into operation, 
and capable of getting through the most work in a given 
time; but, on account of requiring two engines of special 
construction, it is also the most expensive, the cost of a 
complete set being about £1,300. 1 

Great difficulty was at first experienced in procuring wirfti 
rope strong and tough enough to stand the strain and repeated 
bendings round the drums. This difficulty has been so far 
vanquished that a steel rope -^i; diameter will cultivate under 
a strain of 35 cwt. from 1,000 to 2,000 acres of land, the coat 
of maintaining it not exceeding 6d. per acre ploughed. 

The method of transmitting the power of the engine to the 
rope was beset with many obstacles. According to one plan 
it is wound on and off two drums, which necessitates the use 
of a larger quantity of rope than will suffice to cover the 
ground, and the folds or coils on the drum, imless well laJd, 
tend to squeeze and injure each other. To avoid these evils 
endless ropes have been introduced, and the power comnium- 
Gated to them through the agency of pairs of grooved pulliea, 
geered together, round which the rope Is passed several times ; 
but the grooves wear irregularly, and surging destructive to 
the rope takes place. This difficulty appears to have been 
overcome by the ingenious device known as Fowler's "clip 
drum," which consists of a number of clips set round the 
perifery of a large pulley, and so arranged that they close upon 
the rope in proportion to ifs pressure, ao that any amount of 
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grip «xin be obtained without exccBsive straining or frequent 
bending- 

One other difficulty attends the endless rope aystem, and 
that ia the neceasity of providing for the variable width of 
fields — a variation, too, that takes place more or less at every 
advance of the en^nes. This has been happily met by 
Fowler's " sloclt gcer," a self-regulating arrangement attached 
to the cultivator, and which consists of a pair of drums, on 
which the ends of the rope are coiled, and which are mutually 
connected by pitched chains, so that the hauling strain 
coming on the rope on one drum causes it to unwind, and in 
80 doing, through the pitched chain, makes the other drum 
turn five times as much, and so wind up the slack, which 
operation must have reached a given degree of intensity 
before the plough begins to move, ensuring thus the necesanry 
tightness ol' the rope. • 

In spite of the advantages of the endless rope, the winding 
system will probably meet with most favour, because it 
requires less machinery, and ia therefore less likely to get out 
of order. 

There can be no doubt that steam cultivation, especially for 
heavy lands, ia practically and commercially successful ; it can 
be applied advantageoualy to fields of twenty acres and 
upwards, a breadth of fi-om 300 to 400 yards answering best. 
The total repairs do not amount to more th'an 10 per cent, per 
annum, and the labour, compared with the breadth of land 
ploughed, is very small. 

Owners of steam ploughs contract to cultivate to a depth 
not to be attained by horae power for 20h. an acre, and make 
a handsome profit out of the work. I may mention that 
Fowler's clip drum is excellently adapted to working railway 
incUnea, travelling cranes, minee, &a. 
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